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State I^abor Market Research Study 
OVERVIEW 

The objective of this research is to analyze the effect of labor 
subsidies by state and, hence, for the nation as a whole. The project's 
basic aim is the deveJopment of "a theoretical and empirical underpinning 
for guiding Departmental approach to labor market effects of labor sub- 
sidies. States were chosen as the unit of analysis not only because 
labor market conditions vary across states and data on these conditions 
are available, but also, because many subsidy programs may be implemented 
at the state level rather than at the national level in accordance with 
principles of revenue sharing and decentralization of manpower programs. 

The results of the study can be conveniently partitioned into three 
topics: 

(1) an econometric model of the state labor market; 

(2) labor subsidy program simulations; and 

(3) supportive theoretical analysis. 

In what follows we present an overview of the model development and the 
results of simulations of two Iribor subsidy programs, and the key im- 
plications of the theoretical analysis. The remainder of the volume 
contains the nine component reports. 
Econometric Model 

We have estimated, using data from the 1970 Census 1-1000 Public Use 
Sample (CPUS) for 30 states or group of states, a comprehensive cross- 
section labor market model, which integrates the theory of human capital 
with the theory of supply and demand for labor. The model, described 
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in the paper "Labor Markets, Huinan Capital, and the Structure of Earnirtga" 

/ 

(pp. 1.1-1.75), explains equilibriuni wages, employment, and, hen<fe, 
earnings by primary and secondary workers in eight /family types according 
to the sex, age and education of the family head. Supplies per family 
by primary individuals (heads of families) and by secondary individuals 
(other family workers) in a state ar^/by family labor supply theory, 
functions of the group wage,^th"er family income, and the demographic 
composition of primary ^^^ri^secondary individuals in the group in the 
'state. Supplies ^fifthen aggregated in equivalent-quality units with 
relative groti^^ages being measures of relative quality. Demand for 
equiv«rli^t-quality labor per unit of output in a state are. by the theory 
^^ndustrial labor demand, a function of the numeraire wage and the 
industrial composition of output in the state. Supply and demand are 
assumed to be equal in equilibrium to hours of employment. 

The family types were chosen not on an ad hoc basis but using a 
sequential, one-way analysis of variance procedure with CPUS data f-om 
California. This procedure, which is described in the paper "Wage 
Differentials. Human Capital and Demographic Characteristics" (pp. 2.1- 
2.?0). aggregates primary individuals into reasonably homogeneous wage 
rate groups not too disparate in size. The result of this analysis is 
that we have limited the likelihood of severe heteroscedasticity which 
would call for weighting of the observations in estimation. 

:The supply, relative wage, and demand equations were estimated using 
a nonlinear, two-stage least squares method. The estimates indicate that 
demand is slightly elastic while primary and secondary supplies for all 
family groups are backward-bending. Predicted wages, hours and. hence. 
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earnings for primary and secondary individuals in, all family groups in 
a state are obtained from the estimated model by Solving the nonlinear 
system of 16 supply equations, two relative wage equations, one demand 
equation, and one equilibrium identity. For all but the smallest groups 
and states the explanatory power of the model in 1969 is 'good. Never- 
theless, the model is surely in a developmental stage so that it requires 
further refinement and" validation. 

In addition to the work on the static equilibrium model we have also 
developed a dynamic disequilibrium model of the labor market. This model, 
which is presented in the paper "Equilibrium and Disequilibrium in the 
Labor Market" (pp. 3.1-3.30), describes not only wages and employn^ent but 

also unemployment, labor forc^; vacancies, and job stock by integrating 

>.' 

search-turnover theory with the theory of supply and demand. One of the 
implications of the model is that there need not be a trade off between 
inflation and unemployment or a nkural rate of unemployment unaffected 
by the rate of inflation. Rather for certain values of the parameters 
there is a direct relation between inflation and unemployment in the 
model. Therefore, an increase in aggregate demand can increase not only 
inflation but also unemployment. If this is true, tbep correspondingly 
both inflation and unemployment could be reduced by^ a decrease in the 
growth of aggregate demand. We have estimated a preliminary version of 
the mode^rth quarterly data for the nation .as/a whole. While the pre- 
liminary estimates support the underlying fran/ework of the model, further 
work needs to be done before we. can tell whether or not there is indeed 
a direct relation between inflation and unemployment. 
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Program Simulatiop 

Our procedure for simulating the effect of a labor subsidy program 
is f irfet to translate a subsidy into a shift in the supply or demand for 
workers who are eligible for the subsidy in a otate and then to simulate 
with the econometric model of state labor markets the effects of this 
shift on both eligible and ineligible workers in the state. 

AS the first iniplementation of this procedure we have simulated the 
effects of the Work Bonus Tax-Credit, an earnings subsidy for all families 
with dependent children. This subsidy, which has been proposed by the 
Senate- Finance ComB^ittee. is designed to act as a proportional wage sub- 
sidy at low levels of earnings and as a negative income tax at higher levels 
.of earnings. Unlike pure wage subsidies or income subsidies it has the 
potential to be market neutral, since the increased labor supply from 
those with low earnings could be offset by the decreased supply from those 
with higher earnings. Our simulations, which are reported in the paper 
"Categorical Earnings Subsidies: Market Effects and Program Costs" (pp." A.X- 
A.45). indicate that this potential would indeed be realized in the sense 
that neither would the benefits of the subsidy be dissipated through 
higher n^rket wages nor would nonparticipants be displaced through lower 

wages. 

TO complement this study we have simulated the effects of the Jobs 
and income (JOIN) Program. d§veloped by the staff of the Subcommittee 
on Fiscal Policy of the Joint Economic Committee. This universal subsidy 
program would combine a wage subsidy for low wage individuals and public 
employment for very low wage individuals with an earnings tax for all 



Individuals, In addition one parent families with pre-teenagers would 
be given an income subsidy. This program also has the potential to be 
market, neutral, since the increase in labor supply frcJi those receiving 
the wage subsidy could be offset by the decreased private market supply 
available from those in public employment and those receiving the income 
subsidies. Results reported in the paper "Jobs and Income (JOIN): A 
Labor Market Analysis" (pp. 5.1-5.52) indicate that for a particular 

V 

scale of benefits this potential is fulfilled. 

,In addition to the simulations of proposed labor subsidies we have, 
further developed the diffusion analysis of AFDC participation. The re- 
sults of this research, which was earlier supported by ASPER-DOL and 
SRS-HEW, is presented in the completely revised paper "A Diffusion 
Analysis of Participation in the Aid to Families with Dependent Children 
(AFDC) Program by States" (pp. 6. 1-6. 25). The objective of this analysis 
is to explain participation in a particular government program as the 
result of the diffusion of information from those who are participating 
in the program to those who are eligible but not participating in the 
program. It has implications, however, for the prediction of partici- 
pation and, hence, cost of government programs, in general. Typically 
participation in a new program grows more slowly than would be expected 
on the basis of eligibility but then mushrooms as information regarding 
the program disseminates. The diffusion model explains and predicts 
these differential growth rates. Moreover,, it is readily amenable to 
empirical implementation. > 

Theoretical Analysis 

The theoretical research that has been carried out as part of this , 



study has been performed primarily in support of the econotnetric «odel 
development and the subsidy program simulations.^ Analyses of the inter- 
action. between labor supply and income taxes wer; initiated both because 
the existence of the income tax has sfgnificant implications for the 
estimation of labor supply in ways not earlier understood, and because • 
negative income taxes, such as that embodied in JOIN, have been conceived 
as reforms in the existing income tax structure. Similarly, analysis of 
labor supply and the social «.curity payroll tax was initiated both be- 
cause the payroll tax affects labor supply in ways not previously perceived 
and because the Work Bonus Tax Credit was conceived as a refonn in this . 



tax. 



In the pa-per "The Personal Income Tax and Family Labor Supply" 
(pp. 7.1-7.24) it is shown that labor supply effects of a progressive in- 
come tax on a multi-worker family can be analyzed as a combined wage tax 
and income transfer specific to each tax bracket. The wage tax equals 
the marginal rate paid on family income while the ioacome transfer equals 
net savings from not having to pay -ax at this high marginal, rate pn all 
earnings. At intervals where tax rates change the family departs from 
its reduced form supply equation entirely . These results limit the im- 
plications of survey research and suggest modifications in procedures 
for estimation and simulation of supply relationships. 

The effects" of changes in the parameters describing the personal in- 
come tax upon the individual's decision of how to allocate time between 
human capital accumulation and work effort is analyzed in the paper 'Vork 
Effort, Human Investment and the Income Tax"^ (PP- 8.1-8.45). 
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It is shown that the effects of changes in the tax parameters can'be 
described in terms of intertemporal substitution an'' _;s,^ome effects. 
Given ap increase in the' tax rate, if the intertemporal substitution 
effect dominates, then tha individual substitutes income in the early 
stages for income later in the life cycle. If the intertemporal income 
effect dominates, however, the individual spreads the life cycle income 
reduction over all stages. Similarly, given an increase in the exemption 
level, if the intertemporal income effect dominates, the increase in 
total income is spread over all stages; if the intertemporal ^substi tut ion 
effect dominates, income jdst before the taxable stages is substituted 

» < 

for income in all other stages. ^ 

It is commonly argued that an increase in the payroll tax would de- 
crease labor supply. The analysis presented in th« paper "labor Supply 
and the Social Security Payroll Tax" (pp. 9.1-9.9), implies that while 
for individuals with earnings bel6w the ceiling an increase in the tax 
would indeed reduce their received wage ri.'_e and, thus, reduce their labor 
supply, for individuals with earnings above the ceiling an increase in 
the tax would not affect their received wage but w >uld reduce their effec- 
tive level of --nearRed income, and, thus," increase their labor supply. 
Since these two effects would tend to offset one another, an increase in 
the payroll tax could actually increase labor supply. The net effect can 
only be determined by empirical analysis of the labor market. 



LABOR MARKETS, HUMAN .CAP ITAL-i-AND' THE 
" STRUCTURE OF EARNINGS 

by Peter M. Greenston and C. Duncan MacRae 



Abstract 



A state labor market model which integrates the theory of supply ^ 
and demand with the theory of human capital is developed in this 
paper. Families are aggregated by human capital theory into eight 
groups according to the demographic-educational characteristics 
of their head. Supply, relative wage, and demand equations are 
estimated with data aggregated from the 1970 Census 1-1000 State 
Public Use Sample for 30 states or groups of states. The estimates 
indicate that demand is slightly elastic while primary and secondary 
supplies for all family groups are backward-bending. Predicted 
wages, hours and. hence, earnings for primary and secondary in- .. 
dividuals in all family groups- in a state are obtained by solving 
the nonlinear system of equations. For all but the smallest 
groups and. states the explanatory power of the model In 1969 is 
, good. The model predicts, in particular, that the benefits of 
output growth are distributed across family groups primarily 
according to their labor supply response. Earnings will increase 
significantly more for individuals who are below the backward- 
bending portion of their labor supply. 
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1.1 

LABOR MARKETS, HUMAN CAPlTALj AND THE STRUCTURE 01- EARNINGS* 
* by Peter M. Crccnston and C. Duncan MacRae 

The Urbau Institute 



There has been considerable discussion of reforming the current welfare 
system* The issues revolve around improving the distribution of income without 
at the same 'time seriously undermining work incentives for participants or dis- 
placing non-participants. Many of the proposals Include work requirements for 
the able-bodied while, extending coverage to the working poor'perhaps in the 
form of an earnings-conditioned supplement. To deal with these issues and the 
implicit trade-offs policy makers need information about how proposed changes 
would affect work incentives and hence labor supply, and about how the changes 
in labor supply in conjunction with market demand determine a new market equi-- 
librium and heYice affect the distribution of income. , • 

In this paper we specify, estimate, and evaluate a cross-section state 
labor market model which integrates the theory of human papital into an analy- 
sis of labor market supply and demand. The immediate result is an econometric 

( 

model that predicts wage rates, employment levels, and hence earnings for six-- 
teen demographically defined groups of individuals in each of thirty states or 
groups of states in the United States. The model is designed in particular to 
measure the wage rate and employment effects of human resource programs ~ • 
existing and proposed — on both participants and non-participants in all states 
and, hence, for the nation as a whole. 

In attempting to explain the distribution of earnings most investigators 
have either focused on wage rate differentials using demand-related factors to 
explain industrial or regional differences while ignoring the larger markr^C 



context in which labor services are supplied and demanded, o they have f . ?cd 

IS 
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on explaining earnings differentials without carefully distinguishing the wage 
rate and labor supply components.^ In this paper, however, we employ a market 

titedcl in which cupixly-^ig well demand f jis^tsiv^ account for regional wa ge dif- 

ferences. ^ 

Before presenting an overview of the model the basic assumptions which 
underlie the analysis should be made explicit. In the first place, the model is 
partial-equilibrium in nature. Hours and wage rates \of groups of people are 
determined cndogcnously , while their tastes, identifying demographic charac- 
teristics, and unearned income are taken as exogenous. \ The level and compo- 
sition of output in each labor market is also determined outside the model. 
Second, we estimate cross-sectional relationships using^^states and state ag- 
gregates as our labor markets- Workers are assumed to b^e mobile within a 
state labor market but immobile between them. Third, woljrkers are acknowledged 
to offer labor of various qualities. We assume that quality differences reveal 
themselves in human capital stock differences artd that human capital is a homo- 
ganeous)and substitutable factor of production. Fourth, the existing federal 
and.stat^^ tax structure is not explicitly incorporated into the model. Rather 
it is incorporated implicitly in the estimates of the coefficients of the model. 

Families in each state labor market are initially partitioned into 120 
mutually exclusive and completely exhaustive family types based on the demo- 
graphic and education characteristics of their head. Within each family we 

s 

further distinguish between family heads (primary workers) and other members 
(secondary workers) so that there are initially 120 primary groups and 120 secon- 
dary groups. Using a one-way sequential analysis of variance algorithm we then 
aggregate the primary group? into eight homgeneous human capital groups and the 
secondary groups into eight corresponding groups for a total of sixteen human 
capital groups. Representative or average primary and secondary workers in each 
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group are defined and used as observation units in the market model. Primary and 
secondary vorker supply equations are derived from the traditional income- leisure 
choice model and specified for U m j .tipi. et >enL a L iv e-wm:4&ei^ in e ach g roufi^ 



By. assuming a high degree of correlation between the demographic-educational 
characterlfitics of workers and their utiiliced stocks of human capital we can 
treat those characteristics as indicators of fheir stoclcs of utilized human ca- 
pital. Moreover, according to human capital theory the wage rate of ah' indivi- 
dual or group of similar individuals is the product of the market rate of return 
to human capital and the stock of utilized, human capital. Therefore, relative 
wage rates, the wage rate of one group vis-a-vis that of a numeraire group, are 
determined in equilibrium only by relative stocks of human capital and are inde- 
pendent of- the supply and demand conditions in a particular labor market. 

We express the market' demand for labor in terms of the hours of the numeraire 
group and as a function of the numeraire wage rate to reflect the fact that the 
quality of labor services vary from one group tpr^hdther. The hours offered by 
each group are weighted by an estimate of their relativ^ stocks of human capital, 
as a proxy for quality differences, and then aggregated to form market demand. 
Equilibrium obtains when market demand is exactly satisfied by the sum of weighted 
hours supplied by each group. The numeraire wage rate, which is also determined 
in the supply-demand equilibrium, and the relative wage rates, given by relative 
utilized human capital, then determine the absolute levels of the other wage . 
rates. 

The body of the paper is divided into five sections. In the first section, 
the supply, relative wage rate and demand relationships are derived from the 
underlying income-leisure choice, human capita], and production function theory. 
The notions of family types and representative famUJes are also introduced. 

17 



In the second section we discuss the choice of the state as the labor market 
area^cind the creation of state output data, the use of Census data to define 
family types in terms ot demographic-education cha r a c u cTtT^tlc s~uf -i^telT-heads-, — 
and the a^»iircj»ation of primary and secondary workers into homogeneous human 
capitcil [» roups. In the third section the supply, relative wage, and demand • 
equations are specified in* accord with both the theory developed in the first 
section and the limitations imposed by the data discussed in' the second sec- 
tiqn. We also discuss the methods used to estimate the simultaneous equations 
model. The estimated structural equationjs are then presented and discussed in 
the fourth section and compared to "results reported by other investigators. In 
th^ fifth section we evaluate the explanatory power of the model by using an 
iterative technique to solve the non-linear simultaneous system for the equili- 
brium wage rates and hours of each family type-state observation. Predicted, an 
tual, and percentage difference values are reported by family type and by state 
for priiuury and secondary wage rates, hours per family, earnings per family and 
income per family* To illustrate the piodcl's usefulness in illuminating distri- 
butional questions, we analyze the effects of exogenous output and population 
changes on the structure of earnings and income. We conclude with a summary of 
the labor market model and the simulations performed. 
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I. LABOR mRKKT THKORY ' 



.In this section we discuss the thoorot.ical underpinning of the determi- 



nants of wage rates and hours worked- FiTsrinratKrr^i>ply-'^ f o r a pri- 

mary worker and for a representative secondary worker of each family type are 
derived from the maximization of family utility in a static income-leisure choice 
model. Second, we discuss the determination in equilibrium 'of relative wage rates 
by relative stocks cf utilized human capital. Third, the market demand for labor 
is derived from the conditions for profit maximization of firms operating in com-- 
petitive markets. Hours demanded are expressed in equivalent-quality units by 
converting the hours of primary and secondary workers in each family type into 
primary hours of the numeraire family type using the appropriate human capital ^ 
ratios. Intersections of market demand and aggregate supply curves then deter- 
mine in each labor market the equilibrium number of equivalent-quality hours and 
the numeraire wage rate. The wage rates and levels of employment for the indivi- 
" dual groups of workers then follow from the relative wage and labor supply equa- 
t ions . 

Family Labor Supply 

The decision to supply the number of hours forthcoming is seen as a family 
decision in which there is interdependence betvJeen the work efforts of family mem- 
bers. To capture this interdependence we postulate separate supply curves for the 

family head ^(primary worker) and for the other family members (secondary workers) 

/ 

linked together in a simultaneous equations framework. The families in a labor 
market area are partitioned by the demographic and educational characteristics ot 
their heads into mutually exclusive and collectively exhaustive types. These 
types are referred to as family types and will be discussed in detail in subse- 
quent sections. 
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Consider now a representative family of the ±th family type living in the 
jth labor market area. We assume tliis family maximizes its satisfaction by 
achieving the optimum niix of family income and leisure consistent with its pre:' 
ercTrces-:f oTrdbTcome--vis-nt-vi-s-le±^u as 
expressed by its budget constraint. Formally the average family is said to 
maximize utility 

(1.1) = u^{(tJ - nl^)/T^y ii'l - hJj)/f,j.y^j/f^j} 

subject to the family budget constraint 



The number of families composing the type is denoted ^y F . The primary worker 
of the family consumes (T^ - ^ij^^^ij ^^^^^ leisure per year, where is the 

annual number of hours devoted to working by all primary workers in the type and 
p 

is their total available time. The corresponding secondary worker consumes 
s s 

(T^ - ^ij^^^ij h^"^^ of leisure per year. We note that just as the family is 
viewed as a type average, the secondary worker in a family is really an average 
of the spouse, if present, and other potential workers. Family income is denoted 
by Y^j/^ji^j* is the sum of primary earnings, secondary earnings, and family 
non-labor income: W^j^lP^/F^j^ ^ij^ij^^ij* ^ij^'^ij* ^^sP^^^ively . The market 
wage rates faced by primary and secondary workers of the i^th type are denoted by 
wjj and W^j. 

The maximization of family utility tells us that each member's supply of hours 
to the labor market depends upon his (her) wage rate which is the price of an 
hour's worth of leisure, the wage of the spouse, and the faraily^s non-labor income. 
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If we also assume, as is commonly done> that the technical cross-substitution 

effect between primary and secondary family members is 7,ero, then the effect on 

primary (secondary) hours of a unit change in the secondary (primary) wage rate 

2 

has the same magnitude as that of a unit change in non-labor income • Accord- 
ingly, otlKT family member earnings can be lumped together with non-labor income^ 
so that the labor supply equations for primary and secondary workers can be writ- 
ten as: 

(1.3a) hJ./f,. = sli^l^A^f.^nl^ 'l^^hAi^ 

and 

(1.3b) H^^/F^. = sJ{W^..(IvP.hP. + yJj)/F^.,Z^^}, . 

where Z^^ and . are vectors of socio-deraographic variables. 

These equations make explicit several important features of our model. First, 
the labor supply response of a particular family type i to social, demographic, 
and economic influences is the same for a family working in any market area. Of 
course the magnitudes of the explanatory variables vary from one labor market to 
another, but the hours response to a unit change in these variables is assumed to 
be the same in all areas. In other words, these are family labor supply equations 
estimated across labor marlpt areas. Second, we allow, for variation in lajor 
supply behavior from one family ty^e to another. Third, iSbor supplies forth- 
coming from primary and secondary v/orkers are interdependent. The primary worker *s 

hours depend upon secondary earnings and secondary worker hours depend upon pri- 

p s 

mary earnings. As mentioned there are other variables (Z^^ and Z^^) in addition 
to wage rates and non-labor income which affect the family's choice between employ- 
ment and leisure. They are defined in the data section and discussed in the model 
specification section. 
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Having described averc)r>€^ primary and secondary workers in family type i as 
facing market determined wage rates, we now turn to a discussion of the role of 
hunxaa capital stocks in determining the relative wage rate faced by primary workers of 
one family type vis-a-^vis the wage rate faced by primary workers of another typ-, and 
the wage of secondary workers in a family type vi6--a-vis the wage of primary workers 



of the same type. 
Utilized Human Ca_pital 



The wage rate cprafnanded by the family head is viewed as the product of the 
market rate of return to human capital and the stock of human capital utilized 
by that person.'^ If stocks of human capital can be uniquely associated with mem- 
bershlp in a particular demographic-educational group, then we can express the 
wage rate of a primary worker from a family of the i^th type who lives and works 
in the j^th market area as 

(l.A) ' . "ij " "j^i- 

The rate of return is the rental price of a unit of human capital in the market 
and is denoted by o) ^ , and indexes the stock of human capital. This equation 
expresses the fact that wa^;c rates ( of primary workers) may differ across the 
same family types i*. different market areas because of differences in the market 
rate of return and may also differ across family types in the same market area 
because human capital stocks vary over demographic groups. 

Because of occupational discrimination by race and sex certain groups in 
our society earn less than the market rate of return on the stock of human capi-- 
tal that they possess.^. We view this as undcrutilization of their human capital 
and do not attempt to explain it any more than we explain the distribution of 
human capital stocks across groups. In our discussion of wage rate determination, 
therefore, we are referring to utilized rather than actual human capital. 



In equilibrium human capital stocks and supply-demand conditions, as reflected 
in the market rate of return, determine the absolute market wage rate,^ Relative 
market wage rates, however, are determined only by relative stocks of human capi- 
tal: 

(1-5) Wjj/Wjj «= rP/K^, 



for the i^th primary group relative to the first primary group In the j^th labor 

market. This relation follows directly from (1.4). It does so because we are 

assuming that there is one market where all groups can sell their human capital 

with equal ease and where they receive the same rate of return on the marginal 

§ 

unit. In this sense human capital is homogeneous and perfectly substitutable. 

Substitutability can be illustrated in this context by considering a situ- 
ation in which relative wage rates are out of equilibrium as given by (1.5). 
Suppose the ^th group's relative wage rate exceeds it$ relative stock of huaian 
capital. An employer will observe that an additional dollar spent on his wage 
bill will purchase more units of human capita] relative to its cost if it is 
spent on obtaining servic.es from group 1 rather than group i. By the homoge- 
neity assiiinptlon he views the services provided as identical and, consequently, 
proceeds to purchase extra services from group 1. This increases relative 
to and pushes wage rates towards equality with relative stocks of utilized 
human capital. 

If the original premise of this discussion — that demographic and educa- 
tional characteristics uniquely determine the stock of human capital — is not 
fulfilled, then relative wage rates will not be constant across market areas^ 
The closer the premise is to being fulfilled, the less will be the variation in 
relative wage rates. We note that for any demographic group, variation in the 
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u-.ilization rate of its human capital across market areas will also produce 
variation in the corresponding relative wago rates. 

As already mentioned, family types arc defined by the demographic charac- 
teristics of the family head. Thus, secondary workers of a given family type 
are grouped according to the head's characlcristics. There is a presumption, 
therefore, that, demographic simil arities of seco ndary wor kers withi n a given 
family type are greater than similarities among secondary workers of different 
family types. The reader is reminded that the secondary worker is an average 
of spouse and dependents so that the presumed intra-grpup similarities also 
imply family compositional similarity. 

Accordingly, we assume a high degree of correlation but not equality between - 
the stock of humL capital of the h^ad and that of the secondary workers so that 
secondary workers of the ith^ family type can be though of as homogeneous in their 
stocks of human capital. This allows us to write a wage equation for secondary 
workers analogous to that for primary workers: 



(1.6) = u)jK^. 



The esuilibrium market wage confronting a representative secondary worker of the 
ith family type working in the ith labor market area is the product of a market 
rate of return and her (his) stock of utilized human capital. 

Therefore, wage rates of secondary relative to primary workers of a given 
family type. are determined independently of the particular market by the cor- . 
responding relative stocks of human capital in equilibrium: 

(1.7) , W^^j/Wjj • </K^ 
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This relationship, just like(l-5), is contigent on an association between 
demographic characteristics of the primary worker and his (her) stock of human 
capital and on a high correlation between primary and secondary worker utilized 
human capital stocks. 

- We consider next the demand for labor of different qualities and the role 
o f relativ e stocks of huma n cap ital in the aggregation of labor inputs to obtain 



market demand. 

/' 

Market Labor Demand 

In each market area the demand for ^labor in equivalent-quality units is de- 
rived from the aggregate demand for output. We employ a constant elasticity of 
substitution production function to relate factor inputs to aggregate output. 
The production function characterizing the ^th market area is 

(1.8) = aj<f>jC*'^+ (l-Pj)I'^^)'^'^. 

where Q is real value added, C is an index of aggregate capital services, and L 
is an index of aggregate labor services. The elasticity of substitution a may be 
written aa a = l/(l+p). The returns to scale are measured by the vaJue of the 

parameter • : 

■ The cxiuteiice of consistent indexes of aggregate capital and labor services 
is intimately related to estimates of the partial ^^?sla#:i''cities of substitution 



among tbe*components of the index. ^ In our model Vj,?^ assume that the elasticity 
of .substitution between the different types of labor is infinite within any mar- 
ket area, while no substitution is possible across labor market areas. ^ Relntive 
stocks of human capital, which in equilibrium equal relative wage rat^Es, are used 
to weight the labor inputs of each human capital group. Using primary workers 
of the first family type as a numeraire, the aggregate labor index is: 

9.^ 



Vwe* ass 



1.12 



(1.9) = ^ <4^/^?>"^j (K^/N^0C^/»^^>»t3- ■ ' . 

In effect, the index translates the hours of each primary and secondary group into 
the equivalent numeraire. group nunnber and aggregates them. The result is' a mea- 
sure of equivalent-quality houi«. It is based on previous.- research which has ap- 
plied-relative wage- rates to obt^l:i--a measure of labor input -In-constant-quality 

7 

units for estimation of an inter-regional production function, and to adjust an 

8 

historical measure of labor hours for changes in the quality of labor services. 

The demand for labor is derived from the production funtion (1.8) under the 
assumption of perfect competition among employers: free entry and erJ.t, and the 

* < 

inability of any employer to perceive ^n influence on factor input and output, 
prices from his actions. In particular we assume that competitive, profit-maxi- --^ 
mizing employers alter their inpot-miTc^til e>ch face6i:~^s marginal product 
equals its cost and returns to scale at thel margin are const ant' Jy=.l) . 
The demand function for aggregate labor may fchen be written as: 

where W . is the real price of L,. Since output is assumed to be given exoge- . 
nously, wc may rewrite (1.10) as 

(1.11) ^j/^j = "^j^j'^i^' , 

* 

where I. captures industrial differences in the demand for labor. Demand for 
equi-valent-quality labor per dollar of output in the 1th market are? is a func- 
tion of the nnmeraire group wage rate. Moreover, demand T-ill differ from one 
market area to another corresponding to differences in industrial composition. 
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Equlrllbrivun in the j_th labor markeU is achieved when the demand and supply 
of ' equivalent-quality hours are equal, as expressed by (1.-9). This completes 
the theoretical development of the market model. To review: wages and 'hours 
of each family type aire jointly determined in each market area. For each family 
type th^re are primary and secondary supply functions ((1.3a) and' (1.3b)) and 
relative human capital equations C(1.5) and (1.7)) for the representative family. 
The market demand function is expressed in equivalent-quality, i.e. numeraire 
group, hours ((1.11)). Market equilibrium jointly determines primary and secon- 
.dary hours' for each family type, the numeraire group wage rate, and by construc- 
tion -r via relative human capital stocks — - the values of the remaining wage 
rates. The level and composition of output and demographic characteristics and 
unearned income by family type are taken as exogenous. 
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II, LABOR MARKET DATA 



In this section we first discuss the choice of states as labor market 
areas and the measurement of state output using data published by the Bu- 
reau of Economic Analysis (BEA) , U.S. Department of Commerce. With the 
State Public' Use Sample of the 1970 Census as. the data source, labor supply 

data are considered next: family membership and types are defined, and the 

I 

measurement of economic variables ifor representative workers is described. 
Finally, using fcuiiily* types as building blocks, the formation of human capi- 
tal groups to represent homogeneous units of labor supply is described, 

e 

Labor Matket Areas 

We use the State Public Use Sample (1 in 1000) of the 1970 Census as 
our basic source. The labor market area chosen is the state. In selecting 
this unit the advantages and disadvantages, of alternatives were considered. 
To analyze b]ife distribution of wage rates, hours, and hence earnings .by 
family type in the U.S. we require a set of mutually exclusive and exhaustive 
units. States are obviously exclusive and exhaustive units, but they may contain 
several distinct labor market areas, and labor market areas may even cross state 
boundaries. A prime alternative to the state would be the^ functional eco~ 
liomic area (FEA) — a primary place of economic activity and commuting 
surrounded by the rest o^f the area for which it is the trading and labor 
market center. These areas have been delineated 



I 




by the BEA. There are 173 mutually exclusive) and completely exhaustive areas. 

We chor.o not to use the FEA for several reasons- Most importantly, 
*it would involve use of the County Group Public Use Sample and would require 
use of the 1 in -100 sample for smaller areas, greatly increasing data pro- 
cessinr> requirements . Secondly, states are for many purposes appropriate 
units for analyzing the effects of human resource programs — a task for 
which this model has been designed — because such programs are defined, within 
limits, and administered on a state level. However, the fact that we do aggre- 
gate some of the less populous states lessens this advantage of states vis-a- 
vis FEA's. 

State have been aggregated to reduce sampling error and to create a set 
of observations compatible with the Current Population Survey Public Use 

9 

Sample so that our results can be tested with an alternative set of data. 
The following aggregations have been created: Alabama-Mississippi; Alaska- 
Hawaii-Washington; Arizona-Colorado-New Mexico; Arkansas-Oklahoma; Delaware- 
Virginia; Idaho-Mo^^t ana-Nevada-Utah-Wyoming; Iowa-Minnesota; Kansas-Nebraska- 
North Dakota-South Dakota; Ma ine-Massachu setts-New Hampshire-Rhode Island- 
Vermont; Michigan-Wisconsin; North Carolina-South Carolina. In all, 32 states 
have been aggregated into 11 larger groups, while 18 states and the District 
of Columbia stand by themselves, making a total of 30 labor market observations. 

Non-farm output estimates by state are constructed from state personal 
income estimatesl'° The August issue of the Survey of Current Business pub- 
lishes estimates of national and personal income by major source or indus- 
trial sector. In the July issue estimates of national total income by indus- 
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try division are published • In order to derive an estimate of the total 
income originating in a given sector in a state we assume that the ratio of 
total to personal income originating in any state equals the ratio of total 
to personal income originating in that sector for the nation. Estimates of 
total income are derived in this manner for each state or state aggregate 
for these sectors: mining; contract construction; manufacturing; wholesale 

\ 

\ and retail trade; finance, insurance, and real estate; transportation, 
\ communications, and public utilities; and services. 

Estimates of total income originating in the government sector by state 

I 

are handled analogously. Here we assume that the ratio of total income to 
the nonrailitary government payroll in any state equals the ratio of income 
originating in all governments in the nation^^ to the wages and salaries paid 
by all governments in the nation. 

State output is the sum of the estimated contributioias to value added 
*^rom each sector. It should be stressed that our output measures do not in- 
clude doprociation or indirect business taxes. They correspond to national 
income at factor prices and are, therefore, the most satisfactory measure 
for estimating derived demand functions for factors of production. 

In the demand equation we denote the state output estimates for 19G9 
0 by NOUT. Variation in industrial composition across states is captured 

by NOUTI, which denotes the percentage of output originating in the indus- 
trial sector (mining, contract construction, manufacturing, transportation, 
communication and public utilities). 

Finally, it should be noted that wages, income and output are measured in 
nominal terms because a satisfactory regional price index docs not currently 
exist. 

ERIC 



1.17 

Census Public Use Sample 

We now turn to the definitions of family members and' family types with 
Census data. The Census is a household survey. The head of the primary 
family in the household and any unrelated (to the Head) individuals, roomers, 
boarders, and lodgers are treated as primary workers in our model. All 
Other people in the ^'household — i.e. other members of the primary family 
and members of any subfamily ~ are treated as secondary workers. We ex- 
clude all people living Un group quarters except for those in rooming and 
boarding houses, tourist homes, and communes.' Of those living in house- 
holds, we exclude from the labor force people less than sixteen years of 
age, those employed by the military, and those who earn their living on 
farms (Census Occupation Codes 801-8A6). 

In each state or state aggregate primary workers are partitioned into 
120 groups by race, age, sex, and education. Race is white and non-white. 
The age categories are defined by five ranges which intuitively correspond 
to different periods of the working life cycle: 16-21, 21-35, 36-54, 65 
and over. The education categories represent six levels of schooling: 
less than 9" years, 9-11 years, high school graduation, some college, col- 
lege graduation, and graduate education. Lastly, sex separates male-headed 
from female-headed families. As discussed, secondary workers are partitioned 
by the demographic chc racteristics of their primary workers. There are 
2x5x6x2 family types defined, although we note that in the 1970 State Pub- 
lic Use Sample not all 120 types exist in all thirty states and groups of 
states. 
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Annual hours are estimated for «»ach group by multiplying the number of weeks 

worked in 1969 by the average number of hours worked in the Census reference week 
13 

in 1970. Although this calculation may produce considerable error for any 
siixgle worker, we believe that^pur use of groups rather than individuals precludes 
significant bias acros3 groups; hours of tl.e representative primary (secondary) 
worker of a giv.n family type are obtained by summing the hours of all such pri- 
mary (secondary) workers and dividing by the total number of families of that 
type. There may ba, however, a seasonal bias if the Census reference week is 
not representative, of the entire year. 

Annual Earnings are composed af wages and self-employed non-farm income. 
Earnings of the representative primary (secondary) worker is the sum over all 
such workers. divided by the number of families of the type considered.. Since 
the Census does not report wage rates, we divide earnings by hours to obtain an 
annual hourly wage rate of the representative worker. 

Non-labor income is a family rather than a primary or secondary worker 
variable. It includes, social security, unemploynient compensation, pension re- 
ceipts, rental and dividend income, but excludes public assistance receipts. 
Social security, unemployment compensation, pension receipts, and public assis- 
tance receipts may all reflect the person's employment level as well as help to 
determine it. Public assistance, however, is to be distinguished from the other 
three forms of income transfer by the manner in which receipts vary continuously 
with earnings. The effect of the other transfers is captured in part by the age 
variable. Non-labor income for the representative family is obtained by summing 
non-labor income over all families and dividing by the number of families of this 
type. 
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In addition to the economic variablc-s:, socio-demoeraphic information fo.- the • 
individuals comprising each family type Is tabulated. Before describing these 
variables, we turn to a discussion of the statistical and computational problems 
inherent in the use of 2A0 human capital groups and the resultant aggregation 
that was performed. _ 

Human Capital ARgregatioxi 

- Not only are some of the 2A0 human capital group cells in each state empty, 
but there are a large number composed of only a few individuals. This is not sur- 
prising considering that, for example, non-white primaries comprise approximately 
ten percent of the population but are partitioned into sixty cells; or female- 
heads which are approximately ten percent of all heads and also partitioned into 
sixty'cells. Furthermore, the youngest' and oldest age cells, as well as the 
higher education cells, are, comprised of small numbers of workers. The asso- 
ciated high sampling errors for these cells would likely swamp the true (popu- 
lation) values so that supply functions for many of the family types could not be 
estimated. Even pooling the types and correcting for heteroscedasticity 
error variance would not likely be sufficient. 

Accordingly, the 120 family types were used as building blocks to form larger 
groups of workers reasonably homogeneous in their amounts of utilized human capi- 
tal. To do this we turned to the records of individual primary workers in Cali- 
fornia and used as an indicator of utilized human capital the individual's annual 
average hourly wage rate. A one-way, sequential analysis of variance algorithm- 
Automatic Interaction Dectector ~ was employed to form those aggregate groups 
which best explain the wage rate variation by maximizing inter-group and mini- 
mizing intra-group variation^^ This technique was chosen in preference to linear 
regression because we did not wish to impose any a priori restrictions on the 
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relationship between human capital and the demographic characteristics used as 
predictor variables. The explanatory variables are the same race, age, sex, and 
education variables which generate the 120 family types. A breakdown of the sample 
— number of workers and average wage rates ~ by these variables is presented in 
Table 1. 

Any variance or total sums-of-squares can be def initioi\ally separated Into 
two parts, an inter-group or between group sums of squares (BSS) — the so-called ex- 
plained variation given the groups ~ and the sum of the intra-group sums of squares. 
The algoritiim calculates the variance of the wage- rate for each possible dichoto- 
mization of the group under scrutiny by each explanatory variable, splitting that 
group on the variable which accounts for the most variation in the wage rate, i.e. 
the one which gives the largest BSS. For example, in the analysis of California 
primary workers, the entire sample, was initially split by the education variable, 
•separating those workers with at least college degrees (average wage rate of $6.9A) 
'from those with less schooling ($A.70). Continued splitting occurs on those groups 
which meet a minimum variation requirement — .ofherwise they are considered homo- 
geneous ~ if the split reduces the unexplained variation by a specified proportion 
of the original parent sample variation, and to keep sampling error in bounds — 
if the'split results in offspring meeting a minimum size requirement. With the set 
of predictor variables used the maximum number of final groups is 120. We note 
that the splitting stopped far short of this maximum. 

Before describing the final groups it is instructive to describe the branching 
or splitting as It occurred. Recalling that the entire sample initially split on 
education into those with 0-15 years of schooling and those with 16 and over, the 
less educated group next split on sex. In the ensuing rounds, female primary work- 
ers split first on schooling (0-8 years versus 9-15 years) apd then the more 

educated group split on age (16-35 years olds versus 36-over), while males went 
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TABLE 1 

ConiponlLlou of Cnlt£ornln Primary Workers 
by Si'X, Education, Age, and Race 
with Average Hourly Wage Rates 
1970 Census State Public Use Sample 



Observations 
Number Proportion 



Av. Hourly 
Wage Rate 



Sex 



Male 
Female 



37 9A 
796 



.827 
.173 



$ 5.A8 
3.30 



Education 

0-8 years of school 
9-11 years of school 
High school graduate 
Sdme college (13-15 years) 
College graduates 
17-over years of school 



526 
71A 
1543 
981 
383 
AA3 



.115 
.156 
.336 
.21A 
.083 
.097 



$ A. 37 
A.A5 
A. 72 
5.03 
6.A9 
7.34 



Age 



16-21 years old 
22-35 years old 
36-54 years old 
55-64 years old 
65-over 



161 
1572 
2010 
669 
173 



,035 
.342 
.438 
.146 
.039 



$ 2.68 
4.42 
5.62 
5.27 
6.88 



Race 



White 
Non-white 



4179 
411 



.910 
.090 



$ 5.21 
4.05 



Total 



4590 



1.000 



$ 5.11 
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through a similar but lengthier series of splits. The race variable was used only 

once to dichotomize middle-aged (36-6/i) males with less than high school degrees. 

The Implication is that in explaining the total variatiort in wage rates across a 

large diverse sample — such as all California primary workers — education, age, 

and sex differences are relatively more important vis-a-vis race by themselves, 

wcgecher with the fact that nonwhltes comprised only nine, percent of the sample 

and hence could not account for a significant proportion of the total variation unless 

i 

their wage rates were extremely low — which they are not: an average hourly wage 
of $3.82 compared to $4.88 for middle aged males vTlthout high school degrees. 

Returning tc the college educated branch, there are splits only on age and 
schooling, indicating that there are relatively few women in our sample with ^6 
or more years of schooling, so that sex differences do not account for much of 
the total group variation. This does .not Imply that male-female wage differences 
are not present (see below) , just that in this branch the effect of sex on wage 
^ rates may be swamped by other characteristics. 

The algorithm produced thirteen final groups. Using _a priori judgement with 
a view to having groups not too dissimilar in size, several of the final groups 
were collapsed so that we finally arrived at eight reasonably homogeneous human 
capital groups of primary workc's. These groups are listed in Table 2 along with 
their alphabetic identifiers (which. will be used throughout the paper). For each 
group the Table also reports the nunber of primary workers and their proportion 
of the total state sample, their average hourly wage rate, and their implied units 
of utilized human capital, using Group 4 M-O-H as a numeraire. 

The group with the highest average hourly wage rate are college graduates who 
are 36 years and older. Younger college graduates o£ both sexes had wage rates 
approximately the same as older male high school graduates and below those of older 
males with some college, indicating that experience (as measured by age) does sub- 
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TABLE 2 

Human Capital Groups by Demographic Characteristics, California Primary Workers 

1970 Census Public Use Sample 



Observations 



Number 



Avetage 
Hourly 
Proportion Wage Rate 



Units of 
Utilized ' 
Human Capital 



1, Male and Female, age 35-over 
College graduates (M/F-0--C) 

2, Male and Female, age 16-35 
College graduates (M/F-Y-C) 

3, Males, age 36-over, School 
0-11 years (M-O-NH) 

A. Males, age 36-over, High 
school graduate (M-0~H) 

5. Males, age 36-over, Some 
college (M-O-SC) 

6. Males, age 16-35, School 
0-15 years (M-Y-NC) 

?• Females, age 36-ovcr, School 
0-15 years (F-O-NC) 

8. Females, age 16-35 

School 0-15 years (F-Y-NC) 

Total Sample 



513 
313 
790 
7A2 

1127 

392 

293 
A590 



,112 

.068 

.172 

.162 

.092 

.245 

.085 

.064 
1.000 



$ 7.79 

5.56 

5.00 

5.67 

6.17 

4.28 

3.50 

2.83 
$ 5.11 



1.37 
.98 
.88 
1.00 
1.09 
.75 
' .62 
.50 
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stltutc^ for education. Moreover, the sex compuslLion dJftcronco between Croups 
M/F-Y-C, mvJ M-OHI and M-C-SC is n 8.li^»Iu factor: younner mle college gr*Klu;!io« 
had mgc rates of $5* 78, slightly hij'her than older inalo l»iah school graduates 
and still below older males with some college, ihe lox^r wage rates of female 
primary workers can be inferred from a comparison of Groups M-Y-NC and F-Y~NC, 
and F-O-NC with an average of M-O-NH, M-6-H and M-O-NC. Moreover , among college 
graduates, wage rates of older females average $A*71 compared to $8*18 for their 
male counterparts, and those of younger females average $4. A3 compared to $5*78 
for younger males* The striking feature is that the human capital of college 
graduate female primary workers fails to .grow at anything near the male rate 
over the life cycle. Other detail not shown indicates a similar phenomenon for 
females vis-a-vis males with less than college degrees. Among the younger females, 
the difference between those with 0-8 years of schooling and those with some colleg 
is only $0.19 per hour compared to $1.28 for males; among the older females it is 
$0.67 compared to $1.17 for males. In sura, average wage rates correspond closely 
to educa*tional levels although there is a trade-off between schooling and experi- 
ence. Average wage rates of female primary workers ire less than corresponding 
male workers and the pay-off to more schooling is also louer fci females. 

The analysis of variance technique M<5 been used to delineate' eight grpupiags 
of primary workers in California which are reasonably homogeneous in wage rates, 
and, therefore, in utilized human capital. This structure ic applied to each 
state to create sixteen groups of workers — eight primary and eight secondary " 
from the 120 family types* Accordingly, there are sixteen labor-* supply observa- 
tions in each state. 

In addition, to the economic variables, socio-demographic information for the 
individual is extracted and the associated human capital group variables are built 
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up from indtvichua chavacteristKa. Appearing in .the. labor supply equations are: 
RACEP, ItACES; AGEP. AGES; SEXP. SEXS; KDUP, EDUS ; SPOUSE; . DP ENDP, DPENDS; and URBAN. 
The P and S suffixes denote pritnary and secondary workers respectively. For each 
group in each state: RACE is the proportion of white workers; AGE is the proper- . 
ti«« uf prioe-age workers (22-54 years old); SEX is the proportion of males; EDU 
18 the proportion of high school graduates; SPOUSE is the proportion of families 
with spouse present in the household; DPENDP is the proportion of families in which 
there are financially dependent children (those less than 18 years of age), while 
DPENDS denotes the proportion of families with adult secondary workers who also 
have dependent children; and URBAN is the proportion of femilies living in urban 
places. We note that since the characteristics of the primary vcrker define the 
family type, SEXP. and EDUP take on only 0 to 1 values for some of the groups. 
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III, STRUCTURAL EQUATIONS SPECIFICATION 

In this section we specify the relative human capital, supply., axid ; 
demand equations used to predict wages and hours for primary and secondary 
workers in each of sixteen human capital groups In, each of thirty st^^ti'iis 
and state aggregates. We present a rationale for the variables which have 
been included iri the equations and discuss the methods employed o estimaCte 
the simultaneous equations model. * • 

Relative Wage Equations 

The reader' may recall that in equilibrium and under the assumptions 

that^we have made, relative primary wage rates (any primary group vis--a-vis 

the numeraire group) and relative secondary wage rates (any secondcivy group 

vis-a-vis its primary) are equal 'to their corresponding relative stocks of- 

human capit^X^To estimate the relative stocks of human capital for each 

group we have chose-i an analysis of varian'ce-regression model in which the 

logarithm of the relativb wage is the dependent variable anci the explana- 

15 

tory variables are demographic variables. The primary relative*- wage ra^e 
equation is ' 

.(3.1) log(wJ^/wJj) = .a^D^j+ ... + a3D3.-^ + a^Dg^-^ y^^ 

where M-()-H is the numeraire group, and the D*s are binary variables with 

* i f 

one for each age-sex-education inceraction. The error term is denoted by v • 
^ , Relative primary wage rates for each group are estimated over the thirty 
state observations and the predicted values are taken as estimates of equili- 
brium relative stocks ot human capital. We denote them, following (1.5), by 
kJ/kJ, for i - 1 5, ... 8. 

AO 



"specification of the relative secondary wage rate equation follows 
analogously : 

(3.2) log(W^j/wP^) = b^D^^+ ... + h^T)^^+ b^D^j+ ... + bgDg.+ 6^^. 

Relative secondary wage rates for eadh. group are estimated over the thirty 
state observations and the predibted values are taken as estimates, of the 
equilibrium ratio of primary to° secondary stocks of human dapital. Fol- 
lowing ..(1- 7) we denote them by K^/K^, for i = 1,..., 8. 

In addition to the binary age-sex-education variables we also intro- 
duce a south/non-south dumn." variable NS to test for regional variation in 
relative wage rates. If, in the first place, there is differential dis- 
crimination across states confronting one or several ' human capital groups, 
the proportion of utilized to actual human capital will vary accordingly and 
some of the variation may be explainable by a simple dmnmy.varlabfe." Second, 
there has been much discussion of the variation in'the quality, of schooling 
across the country and, particularly, that the quality is lower in the South. 
If the quality of schooling is not uniformly inferior across groups in the 
South then its presence should be reflected in regional variation in relative 
wage rates. The southern state observations are: Alabama-Mississippi, Arkan- 
sas-Oklahoma. Delaware-Vifginia; District of Columbia, Florida, Georgia, Ken- 
tucky, Louisiana, Maryland, , l^orth Carolina-South Carolina, Tennessee, Texas, 
and West Virginia. 

T.ahnr f.u pply Equation 

The pamary supply equation in its feedback formulation is given by" 
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(3.3) H^j/F,. = c^, . c^/^^ ^ o^y^/ c^y,/,^ ^ Y",^)/F,^ 

. + ^Ai ^^^'ij ^5i ^^^^ij "6i '^^ij "7i ^^"^ij - 
+ cg^ URBAN^j + Sp6uSE^. + c^^^ DPENDP^^ + e^^ 

where is a random error term and the socio-demographic variables Ivave 
been defined in the previous section. There are eight primary human capTcal 
groups (index i) in each of thirty states (index j). In our estimation work 
we take as the null hypothesis a simpler, recursive formulation ~ primary 
hours, supplied are independent of secondary earnings — and examine whether 
the data sui oort the more complex feedback behavior. In addition to our praf- 
erence for simpler over complex formulations, it has also been con.lectured by 
other researchers that the dependence of the primary worker upon secondary 
earnings is small relative to the dependence of the secondary worker upon 
primary worker earnings!^ The argiiment is that the existence of positive 
secondary earnings may reflect the fact that the head of the family is' not 
working as well as being a determinant of the number of primary hours worked. 

We experimented with regressions for each group separately and with 
'stacking several groups in a regression— the extreme case being ail eight groups 
in one regression of 240 observations. In separate regressions for certain 
groups note that SEXP^^ and EDUP^^ are constant across states and consequently 
excluded. In a stacked regression we are assuming the same wage-rate and in- 
come response behavior from one group to another but are allowing for different 
demographic characteristics between groups to shift the labor supply curve. 

Given the Census definition of head of family wc expect the labor supply 
' response of peopl in male-headed families to be different from that of people 
,. in female-headed families. Male-headed and female-headed families are struc- 
turally different; in the former there may be a spouse, while in the latter by 
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definition there is no spouse. \^hen there is a spouse present the family 
has an additional factor of production and the primary worker enjoys greater 
flexibility in allocating his time between work, non-market work, and lei- • 
sure. The female head becomes responsible for both qaming a living and taking 
care of the home and children so that her labor supply response to market wage 
rates is influenced bj^ a host of limiting considerations. 

The sex of the family head also determines the composition of its secon- 
dary workers. Female-headed families do not have an adult spouse as part of 
their secondary worker labor force. In these families the supply of secon- 
dary hours is composed of dependents and other individuals related t-o the 
head. We conjecture that the compositional difference may yield different 
labor supply response behavior on the part of secondary workers. 

We have also used "permanent" or potential wage rates instead of actual 

wage rates in the supply equations. It has been hypothesized that the family's 

labor supply decision revolves around its perception of potential income over 

the intermediate term horizon rather than current earnings. The labor supply 

behavior observed is strongly influenced by expectations which themselves are 

17 

shaped by economic institutions and demographic-education factors. The 
model was also estimated with actual wage rates but gave inferior estimates. 

■ The basis for our application of human capital theory to the labor mar- 
ket model is the assumption that differences in potential wage rates are pri- 
marily attributable to differences in productivity. As a first approximation, 
we use the combinations of demographic characteristics employed in the defi- 
nition of human capital groups as proxies for productivity differences. Accord- 
ingly, we take tlie estimated relative stock of human capital as a measure of 
average relative productivity of groups, and construct potential wage rates 
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18 • 
as follows: ~ 

(3.4) « (Kj/<)wjj • 

In equilibrium the representative primary worker (of the l^th family type and 
j_th state) can be thought of as having expectations of a wage rate propor- 

o 

tlonal to that pf the numeraire group, the constant of proportionality being 
» 

a measure of his (her) relative p,roductivity . We also note that the concept 
of potential wage rates gives us a tnetho^d for Imputing a wage rate to a group 
which has reported zero hours and earnings and consequently, for whom the ac- 
tual wage rate Is undefined. 

We seek to explain the variation in the supply of hours from the repre- 
sentative primary worker of each family type over the state observations. 
A priori expectations are for increased supply in response to increased wage 
rates (^j^^^O) though backward-bending phenomena may be observed (c2^JlO) • 
There is a presumption that primary hours supplied will vary inversely with 
the sum of secondary earnings and family non-labor income (c-. .<0) ; this as- 
ouraes that the primary worker *s consumption of leisure would increase as / 
family income increases. Two variables arc introduced to account for the 
influence of marital status and the presence of children. The presence of 
a spouse or dependents may entail greater financial responsibilities and may 
alter the family head's preference for work over leisure; we would expect 
c^^>0 and C]^q£>0* Geographical location may also influence the income-leisure 
choice. In highly urbanized areas, the alternative of leisure may be less 
compelling because of a higher . opportunity cost of leisure, the external in- 
fluence of others in determining oneVs ovm consumption patterns and because 
of a possible increased tost of leisure activities; we would expect Cg^>0. 
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The white /non-white varia-ble reflects any differences in taste pref- 
erences for work versus leisure, including those resulting from past occu- 
pational discrimination. The use of a prir.ie/non-prime age variable reflects 
several considerations. Individual work preferences vary over the life cycle. 

o 

. The difficulty of borrowing for consumption in early adult life may require 
greater work effort, during those early years than in later years. Older 
workers may choose to curtail their work effort in order to maintain their 
health or at least their ability to enjoy leisure hours. The sex variable 
accounts for differences in work-leisure preferences resulting from the more 
limited opportunities for work of female heads as well as the presence of 
programs such as AFDC which primarily affect work effort of female heads. A 
high school graduate versus non-graduate variable reflects different taste 
preferences for work which may arise in part from the fact that graduates are 
likely to have more opportunities for employment. It should be noted that a 
logarithmic formulation of primary supply was also estimated but found gener- 
ally inferior in terms of signs and significance levels to the quadratic 
formula Lion. 

The supply curve of a representative secondary worker is estimated using 
a quadratic formulation: 

' (3.5) H^.^/F^. = d^^ + d^/,. + ^^y,/ + SiKj"ij ^^j>^j 
+ d^^ RACES^^ + d3^ AGES^. + d^^ SEXS^^ + d^^ EDUS^^ 
+ dg^ URBAN^^ + dg^ SPOUSE^. + d^^^ DPENDS^^ + n^j , 
where n^j is a random error term. We also experimented unsuccessfully with a 
logarithmic formulation. As with the primary supply equation we ran regres- 
sions on groups separately and stacked. 



/ 1.32 

/ 

' Secondary workers are expected to increase their work effort as wages 
increase (dj^^^^O) though supply may bend backward (d^^^O), Secondary hours 
also are expected to vary inversely with other family income (d3i<0) » though 
a positive sign may indicate a preference for market work by the secondary 
worker (housewife) when family income is sufficient to either mechanize the 
home work or hire a substitute. The proportion of white, prime age, male, 
high school graduate secondary workers in the state for a given group are 
variables which control for differential tastes for work versus leisure, 
in the saine way that RACEP, AGEP, SEXP, EDUP do in the primary supply equa- 
tion. The proportion of families with spouse present accounts for differ- 
ences in family composition* Finally, the presence of dependent children in 
a family is surmised to affect the work-^leisure choice of the spouse; the 
direction is indeterminate (dj^Qj|0)> depending on the spouse's hourly wage 
rate relative to child care costs and the value of house (non-market) work* 
r Just as in the cas.e pi„ primary workers we take the estimated relative 
stock of human capital as a measure of average relative productivity of 
groups and construct potential wage rates: 

(3.6) S'ij - KK^'^li ' 

The representative secondary worker is expected to recieve a wage rate propor- 
tional to the potential wage rate of his (her) primary worker, the constant of 
proportionality being a measure of relative productivity. 

Labor Demand Equation 

We express the market demand for labor services in equivalent-quality 
hours (i.e. units of Group M-O-II hours) and posit that the demand per dollar 
of product output in a state (NOUT) is explained by the pievailing wage rate 
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for numeraire group workers and the industrial composition In that state 
(NOUTI). Following (11) the equation is 

(3.7) logdANOUTj) = log(eQ) + e^log(wjj) + e^NOUTI^ + 0 ^ , 

where 0^ is a random error term. Total equivalent-quality hours, , are 
derived by (1.9) using the weights estimated in (3,1) and (3. 2); 

(3.8) - I(kJ/kJ)hJj + Z(kJ/kP)(kP^^^ 

An estimate of the elasticity of demand for equivalent-quality hours with 
respect to the numeraire wage rate is given by e^^. An estimate of the effect 
on the demand for labor of a shift in industrial composition is given by e^* 
A negative coefficient is consistent with the greater labor intensity of the 
service sector. 

We turn now to a discussion of the methods employed to estimate the sup- 
ply and demand equations. The simultaneous equations are estimated using ^:n 
instrumental variables method. Moreover, since the model is nonlinear we 
augment the exogenous variables with instruments which Incorporate information 
regarding the specific form of nonlinearity in each equation. Accordingly, 
for the demand equation, (3.7), we augment the instruments with the logarithm 
of the fitted value of based on a regression of all the exogenous variables, 
which are the other instruments for the equation. For the supply equations, 

we augment the instruments with the square of the fitted wage rate and the 

s s 

product of the fitted values of H and W in the primary equation, and with 

the square of the fitted value of and the product of the fitted values of 

19 

and in the secondary supply equation. 
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In the model, there are two exogenous variables, NOUT and NOUTI, deter- 
mining equivalent-quality labor demand. Moreover, for oach family type, there 
are nine exogenous variables: F, Y^, URBAN, SPOUSE, DPENDP (DPENDS) , RACEP (RACES) , 
AGEP(AGES), SEXP(SEXS), and EDUP(EDUS) determining primary (secondary) worker 
labor supply. Therefore, if all the exogenous variables in the model were^ 
used in the estimation of the demand and supply equations, there would be 112 
instruments (14 variables times eight groups) in addition to the, two output 
variables and the fitted instruments. Needless to say, this would present a 
severe degrees of freedom problem in estimation since we have observations from 
otily 30 states or groups of itates. To circumvent the problem we have selected 
the most important exogenous variables for use as instruments in each equation. 
For the primary (secondary) supply equations, we have chosen as instrijments 
the two output variables, the nine exogenous variables corresponding to the 
group for which supply is being estimated, and the corresponding fitted instru- 
ments as described above. For the demand equation we hnve chosen not only the 
output variables and the logarithm of the fitted wage, but also the exogenous 
variables for the numeraire group, since demand is measured in terms of hours 
supplied by the head as a function of his/her wage rate. 
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IV. ESTIMATED STRUCTURAL EQUATIONS 

In this section we present the estimates of the relative wage, the labor 

it 

supply and demand equations. The estimates are discussed and compared with 
those obtained from, similar labor supply models and data bases by other inves- 
tigators. 

Relative Wage Equations 

It may be recalled that a major implication of our model of (absolute) 
wage rate determination is that In equilibrium relative wage rates are deter- 
mined by relative stocks of utilized human capital and therefore are constant 
across state labor markets, although we do test for regional (scuth vs. non- 
South) differences. The estimated coefficients with standard errors in paren- 
theses are reported below: 

(4.1) log(W?,/wP ) « .399 D, + .069. - .185 D + .123 - .254 D 

(.022) ^ (.022) ^ (.022) ^ (.022) ^ (.022) 

- .553 D - .585 + .054 NS 
(.022) ^ (.022) ^ (.015) ' 

R^ - .91, S.S.R. - 2.43, S.E.E. = .11, NO. DBS. = 210, 
where R^ is the coefficient of determination, S.'S.R. is the sum of squared 
residuals, and S.E.E. is the standard error of the estimate. The coefficients 
can be interpreted as the percentage deviation of the wage rate of the group 
in question from the wage rate of the numeraire group when the absolute dif- 
ference is not large. The south/non-south dummy is significant and indicates 
primary relative wage rates are higher in the non-south states. We note that 
the standard errors are identical because the binary variables are independent. 
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The high proportion of variance explained as well as the low standard error 
of the estimate is strong confirmation of the reasonableness of assuming that 
relative wage rates are constant across states for the human capital groups 
that have been delineated. 

In Table 3 we present the escimatecl relative primary wage rates (or human 
capital stocks) along with the associated multiplicative standard errors in 
parentheses for each group* The relative primary wage equation corroborates 
over all states the disparity between the wage rates of male and female pri- 
mary workers, and the higher wase rates of more educated people with a trade- 
off between education and experience which was first observed In the formation 
of the human capital groups by looking at California primary workers. Indeed, 
the relative wage rates reported in Table 3 not only reflect the same human 
capital ordering in California (see Table 1), but the ratios are also similar 
in size, — especially the non-college graduate groups. This similarity and 
the high explanatory power of the relative wage equation supports the use and 
results of the one way sequential analysis of variance procedure in forming 
homogeneous human capital groups from California data and applying that struc- 
ture to the other states. 

We turn now to the estimation of the relative secondary wage rate or 
human capital equation. If the assumption of high correlation between the 
human capital stocks of secondary workers and their associated primary workers 
holds and if primary worker relative human capital stocks are indeed constant, 
then the ratio of secondary to primary human capital stocks si uld be approxi- 
mately constant across states for each group. To estimate this ratio we re- 
gress the logarithm of secondary to primary relative wage rates against a set 
of 8 binary variables representing age-sex-education combinations. We also 

mc 
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TABLE 3 

RELATIVE WAGE RATE OR HWIMJ CAPITAL STQCK- 
EStlMATES^BY HUMAN CAPITAL GROUP 
FOR PRIMARY AKD SECONDARY WORKERS 
(multiplicative standard errors in parenthesis) 



HUMAN CAPITAL GROUP 
SEX AGE ED 



PRIMARY WORKERS W^/wP 
i A 



Non-South 



South 



SECONDARY WORKERS wJ/W^ 
Non-South South 



1 
2 
3 
4 
5 
6 
7 
8 



M/F 
M/F 
M 
M 
M 
M 
F 
F 



0 
Y 
0 
0 
0 
Y 
0 
Y 



C 
C 
NH 
H 
SC 
NC 
NC 
NC 



1.57 (1.02) 1.A9 CI. 02) 



.52 (1.03). .54 (1.04) 



1.13 
.88 
1.00 
1.19 
.82 
.61 
.58 



1.07 
.83 
1.00 
1.13 
.78 
.58 
.56 



.83 " 

.68 " 

.60 " 

.57 " 
.80 

1.03 " 

.92 (l.OA) 



.86 
• .71 
.63 
.59 
.84 
1.08 
.96 



M - male head 
F «= female head 



0 = age 36-over 
Y = age 16-35 



C = college graduate 
SC = some college 

H «= h^gh school graduate 
NC «= nonV-college graduate 
NH = non-high school graduate 
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introduce a diumny to test for a regional difference in relative wage rates. 
The estimated coefficients with standard errors in parentheses are reported 
below: 

(A. 2) log(W^/W?,) -.^617 - .145 - -345 D - .45,3 D - -520 D, 

(.035) ^ (.035) ^ (-035) ^ (-035) \ (.035) ^ 

- .176 + .074 D- - .037 ~ ,046 NS , 
(.035) ^ (.035) ^ (-037) (-023) 

« .63, S.S.R. « 7*36, S.E.E. « .180. NO.OBS. « 237. 
The south/non-south dummy is negatively signed and significantly different 
from zero, indicating that relative secondary wage rates are greater in the 
south. ' We note, however, that relative secondary wage rates are higher in 
the south by approximately the same percentage that relative primary wage 
rates are lower in the south, so that secondary wage rates relative to the 
numeraire group display small south/non-south differences. In Table 3 the 
estimated ratio of secondary to primary relative wage rates along with the 
multiplicative standard error is presented. 

A priori we would not expect secondary wage rates to exceed primary wage 
rates in the male-headed ns, while that possibility cannot be ruled out 
among female-headed families. In general we would expect that among the 
higher human capital groups there is apt to be a greater relative difference 
between the human capital of primary and secondary workers than among the 
lower human capital groups because utilized human capital is not evenly dis- 
tributed. The results support these a priori notions. 

Judging from the summary statistics, relative, secondary wage rates dis- 
play more variability across states than do their primary counterparts. Never 
theless, the assumption of approximate constancy is not unreasonable with the 
goodness of fit obtained. The greater variability is not surprising in view 
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of the fact that human capital groups have been defined in terms of the pri- 
mary worker's characteristics. 

Labor Supply Equations 

As already mentioned we experimented with separate supply equations for 
each human capital group and with stacks of equations. For primary workers 
we found that separate equations (except for the M/F-O-C and M/F-Y-C groups) 
gave results most in accord with our priori notions. Evidently there are 
significant wage rate and income response differences among groups because 
stacking groups which gave reasonable estimates separately usually produced 
inferior results. The one exception was the college graduate groups for 
which we .did not find significant response differences. Beginning with a 
preference for 'the simpler, recursive formulation we found no evidence for 
rejecting this in favor of the feedback formulation. 

In Table A the primary supply coefficients and standard errors of the 
quadratic recursive formulation are reported for each human capital group. 
All the supply curves bend backwards, at rates ranging from $2.33 per hour 
for Group F-Y-NC to $7.83 per hour for Groups M/F-O-C and M/F-Y-C. The 
income term coefficients have the theorectical3y expected sign in four equa- 
tions, two cases of which are statistically significant. In the female-headed 
family groups and the young, male, non-college graduate group the coefficients 
indicate that labor supply increases (leisure decreases) in response to an 
increase in unearned income. Although statistically significance cannot be 
attached to the coefficients, the response is certainly V^^iJ^iWe for the 
younger groups in which the heads have strong job commitments and 1ieivcej>ref- 
erences for earnings relative to leisure. A similar argument could be raade^^ 
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for the group of older female primary workers on the groimds of f aniily-liead 
responsibilities in a family without substantial secondary earnings. 

Several of the socio-demographic variables played significant roles in 
four of the supply equations. Not surprisingly, the prime-age variable, AGEP, 
was significant only in the 36-over years old groups: M-O-NH, M-O-H, F-O-NC. 
The direction of its effect suggests that labor eupply tends to be greater 
for peopole of prime age vis-a^vis people over 55 years old. The influence 
of marital status (SPOUSE) was significant in only one of the male-headed 
family groups (M-O-H),, and the presence of dependent children (DPEtJDP) was 
significant only for the younger, male group (M-Y-NC). Geographic location 
(URBAN) was a significant influence in two equations; in these cases living 
in urban areas is associated with greater labor supply. No significant asso- 
ciation between race and labor supply was found. Finally, in the three groups 
characterized by 0-15 years of schooling, those with high school diplomas did 
not have significantly different labor supplies. The coefficient of de- 
termination is greater than 0.50 for all tht groups except for F-Y~NC. 
Further evidence of the good fit is provided by the standard error of the 
estimate which ranges from 57 to only 153 hours compared to average labor 
supp 'es of 670 to 1820 hours per year for the groups, 

Wc now turn to the estimates of secondary worker supply equations. In 
contrast to the primary supply equations, more reasonable supply parameter 
estimates for secondary workers were , obtained by stacking the groups in three 
sets — college grad..ates, male- headed, and female-headed family non-college 
graduate- ther than estimating separate equations for each group. Evidently, 
the additional demographic-education variation introduced in stacking and 
similarity of labor supply response behavior of the separate groups were f^-^c- 
tors in causing the better fit. The compositional difference between secon- 
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dary workers in f imllles headed by males vls-a-vis females provided a natural 
partition araong the non-college graduates and waJ^ found to give better esti- 
mates than the other partitions tried. 

In Table 5 the secondary supply parameter estimates and standard errors 
are presented. Response to wage rates Is backward, bending and statistically 
signif icaiiL for both male and female-headed family' non-college groups but not 
for the college graduate groups. Other family income is signif i cant- only 
for the male, non-college groups and opposite in effect to that expected. 
This may indicate a preference fy. the housewife for market work v;hen husband's 
earnings are sufficient either to mechanize the home work or to hire a substi- 
tute. This finding is also consistent with the Increasing labor force parti- 
cipation of women in the last decade. At least one socio-demographic variable 
was significant in each equation. They reflect, in large part, -the composi- 
tional difference among secondary workers between male and female-headed 

2 

families. The goodness of fit, as measured by the R and S.E.E. summary sta- 
tistics, matches that for the primary equations. 

We have estimated supply equations for primary and secondary workers par- 
titioned into homogeneous human capital groups. The units of observation have 
been viewed as average or representative workers of each group. In order to 
get some indication of how our estimates compare wi\,h those of other inves- 
tigators we calculated the total income elasticity (TIE) and compensated ^ 

20 

substitution elasticity (CSE) for the average worker in each group. 

Precise comparisons with other research, however, are not possible because 
model specification, data base, and estimating techniques vary considerably. A 
major difference is our use of groups or average workers rather than single 
individuals. Nevertheless there are other aspects of similarity. VJith regard 
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to data sample, this research is similar to that by -Ashenfelter and Heckraan; 

Boskin; Cohen, Rea, and Lerman; and Garfinkel in that Uhe sample is not 

21 

stratified by income level. They focus, however, only on prime age males. 

If one compares dependent variables our model is similar to Hall s who also 

22 

• included all people in the labor force in his data sample. Other inves- 
tigators have either chosen a two-stage procedure in which the labor force 

participation decision and the hours of work decision are separated, or they 

23 

have restricted the sample to those acftually working. Like Hall, Boskin, 

2A 

and Kalachek and Raines, we explain wage rates by demographic characteris- 
tics in a first- stage and derive a set of potential wage rates rather than 
use the observed values in the supply equation estimation. 

The TIE is defined as the percentage change in labor supply With respect 
to the percentage -change in "total" income. It should be negative if leisure 
is not an inferior good and not smaller than -1 if income is npt inferior. 
It is the elasticity implied in the supply equation estimation weighted by the 
ratio of earnings to the income variable used (in the estimation). Hence, if 
unearned income is the variable used, as it is in our' primary supply equation, 
then we effectively inflate the estimated elasticity by (W^H^/F)/(y"/F) to 
obtain the family-head TIE. In the secondary supply equation the income vari- 
able used is W^H^+Y^, and to obtain the TIE we effectively deflate the esti- 
mated elasticity by (W^H^/F)/((W^H^+Y^)/F). The TIE does not depend on the 
size of the income components used to measure the Income variable and a com- 
parison of income elasticities is thus facilitated. The CSE is defined as the 
wage ela55ticity minufi the TIE and should be positive according to the assump- 
tions underlying the income-leisure choice model. 
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For primary workers, the CSE and TIE estimates for the college graduate 
groups and the older, male-headed family groups were of the theoretically 
correct sign and were similar in magnitude to those values reported by other 
investigators of prime-age male labor supply. For the younger, male group 
and the female-headed family groups, however, the CSE's were negative, result- " 
ing from a combination of positive TIE's and negative wage rate elasticities 
at the mean wage rate on the supply curve • Similarly for secondary workers 
the CSE's were negative for all but the female-headed family groups. Thus, 
where comparisons can be made our results accord with the most recently 
available empirical evidence.. 

Labor Demand Equation 

The demand for total equivalent-quality hours is significantly respon- 
sive to market rates but apparently not to differences in industrial struc- 
ture. The estimated relationship is 

(4.2) log(H^/NOUT) = 6.675*** - 1. 049***logwJJ - .013 NOUTI 

-^.^(.20) (-13) ^ (.13) 

« .75, S.E.E. = .064, NO. DBS. = 30. 

The estimated demand elasticity with respect to the wage rate of 1.05 is i^i-- 

agreement with other studies which appear to be converging on an estimated 

25 

value of unity for the elasticity of substitution. 

The empirical result that the industrial composition of output (NOUTI) 
does not have a statistically significant effect on the demand for labor may 
at first blush seem counter-intuitive. It is generally felt that the service 
sector is laorc labor-intensive than the non-service sector. This does not 
mean, however, that the service sector employs more labor in equivalent-quality 
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units than does the industrial sector • In general, the former has lower 
wages and by implication lower quality labor than the latter. Therefore, 
more people can be employed per unit of output in the service sector with- 
out it being more labor intensive than the industrial sector. 
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V. COMPLETE MODEL SIMULATIONS 

In this section we evaluate the model by comparing the actual and pre- 
dicted values of the endogenous variables by state and human capital group* 
We next analyze the effects of exogenous changes in output and population 
upon the structure of earnings and Income by groups* 
Model Solution ^ 

Our simultaneous equation model of the labor market is composed of 
a demand equation for equivalent-quality hours (within which is imbedded 
the equilibrium condition), primary supply and relative wage Equations, 
and secondary supply and relative wage equations. Endogenous variables 
are annual hours and wage rates for 16 age, sex, and education giroups. 

To predict with the model, we solve this nonlinear system of equa- 
tions using an iterative solution technique. The recursive formulation 
of the primary supply equation allows the substitution of the primary into 
the secondary supply equations. Secondary hours can then be summed and 
the simulation reduced to one excess demand equation in one unknown, the 
numeraire group wage rate. Because the supply equations are backward- 
bending, however, there is the possibility of multiple solutions (equili- 
bria) or no solution to the model. In the case of more than one solution 
we report the solution which is closest to the actuaj. data. The alter- 
native solutions, when they occurred, were at wage rates far outside the 
realm of observation and, thus, not economically meaningful. There were 
three states in which there was no equilibrium solution: Connecticut, 
Illinois and New York. In these cases we chose the wage rate which 




minimized the excess labor demand. 
Model Kvaluatlon 

We report the endogenous variables separately by state and by human capital 
group. We do not break out groups within a state or states within a group. 
These cells are,, of course, the building blocks of the model but space con- 
straints prohibit reporting them here. Consequently we present for each 
state (and the nation) and for each group average wage rate, hours, and 
earnings for primary and secondary workers, and earnings, unearned income 
and total income for the family. 

In Tables 6, 7, and 8 the actual, predicted, and percentage error 
data are presented by states and for the nation in 1969. Likewise, Tables 9, 
10, and 11 report the same information by group. For primary and secondary 
workers averages are calculated as follows: wage rates are weighted by hours, 
while both hours per family, earnings per family, and income per family are 
weighted by number of families. For the state tables the weighting is done 
over groups; for the group tables the weighting is done over states. The 
national averages are weighted over the states, the weights being the state's 
share of the national total. I?or a particular group, wage rates, hours per 
family, earnings per family, unearned income per family, and income per family 
are weighted and summed over states to form national averages, the weights 
being the state's share in the national total of hours or families, as appro- 
priate. 

One striking feature of Table 6 is that for each state the average 
* number of primary hours worked by all families is considerably less than 

the full-time equivalent of 2000 hours per annum. There are a number 'of 
reasons for the low average which Table 9 allows us to identify. (The 
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reader in referred to Table 3 for identification of the groups,) In the 
first place, not all heads of households necessarily work. This is* partic- 
ul'arly true since we include in the group of primary individuals many 
who are only marginally in the work force. While tl\ey can work, they 
may n,-t choose to work at the existing market wage. For example, we do 
^not exclude those over age 65 or those participating in social welfare 
/programs without ef fective- work requirements. The primary .hours forth- 
•coming from the non- college graduate female-headed family groups are 
alsp quite low. Perhaps these people as a group have a high AFDC partic-- 
ipation rate. Second, not all heads of households choose to work all 
^year round. Also, many individuals may work all year roun4 but choose to 
satisfy their supply through part-=»time rather than full-time work. Finally, 
the Census reference week may not be representative of the year as a 
whole and constructing a measure of annual hours by multiplying weeks 
worked ^last year by hours worked during t^e reference week could lead to 
the lower levels Calculated, We tend to 4iscount this reason for all 
groups, however; because several groups are, in. fact, working near the 
full-time equivalent, . ^ 

In all states but three an equilibrium solution x^as found and a 
glance at Table 8 reveals that the percentage deviations between the 
actual state averages and those predicLed by the model are small for a 
majority of the states. In general we can say that for 'primary workers 
the wage rate errors exceed the hours errors, and vice-versa for secon- 
dary workers, so that the secondary hours predictioas are noticeably 
worse than the primary hours predictions. Moreover, secondary earnings 
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efrors exceed the primary earnings errors. We note, however, that family 
earnings errors are almost always smaller than their components because 
wage rate and hours errors offset each other as do primary and secondary 
earnings errors in many states. Striking examples are: Connecticut, 
Illinois, and California, Furthermore, when states are aggregated their 
errors dramatically offset each other, producing quite small errors for 
the nation as a whole i wage rate .hours, and earnings errors less than 
five percent for secondary workers and less than three percent for primary 
workers. 

From a group perspective (Table 11) the percentage errors are smaller 
than from a state perspective, though we observe the same pattern: the 
model does a relatively better job with primary hours and secondary wage 
rates, and primary and secondary wage rates, and primary and secondary 
worker earnings errors offset each other to produce family earnings esti- 
mates with errors of less than one percent on average. 
Exogenous Output: and Population Changes 

To derive from the model the effects of exogenous changes in national 
output and population upon the distribution of income in each state labor 
market, we introduce shifts in the supply and demand curves and then 
solve the model for the new equilibrium values. An exogenous expansion 
in national output or income is represented by a proportionate increase 
in state output and a proportionate increase in unearned income so that 
Y^/F is also increased. All other exogenous variables are unchanged. 
Second, the effects of national population change are explored by an 
across the board increase in the number of families with all other exogenous 
variables being unchanged. 
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Before analyzing these cases in detail a few general remarks about 
the results may be helpful. By looking at averages we are observing a 
mixture of compositional effects (across groups in a given state, and 
across states for a given group) and individual family or market effects. 
The reader will recall that in forming the^e averages, wage rates are 
weighted by hours, while hours per family are weighted by families. The 
family weights will not change, but the hours weights may change since 
hours are endogeuously determined. HenCe, wage rates and earnings per 
family will be affected by compositional changes, the former directly and 
the latter indirectly through wage rate changes. We have found, however, 
that the compositional effects tend to support rather than oppose the 
' individual effects. While we do not report the group-state detail, the 
averages are representative of the components in that the qualitative 
changes are reflected in the averages. 

A one percent increase in state output (NOUT) will shift the : arket 
r'emand curve to the right by exactly one percent due to the constant 
returns to scale property of the underlying production function. The 
associated one percent increase in unearned income per family (Y^/F) shifts 
five of the primary supply surves to the left and three to the right, and 
shifts four of the secondary curves to the left and four to the right. 
All the righward shifts in supply are by less than 0.50 percent so that 
together the demand and supply shifts produce excess demand at the old 
equilibrium wage rate. Market forces increase the primary and secondary 
wage rates to new equilibria which are 1.10 and 0.94 percent, respectively, 
above the old values on average for all states (although the new wage 
rates are slightly below the original ones in the disequilibrium states— 
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the result of comparing dinequilihrium positions) as indicated in Table 
12. The wage rate increases vary considerably across states. In some of 
them the increases in wage rates have absorbed more than the original 
excess demand inasmuch as hours per family actually decreased in almost 
half of the states as suppliers moved up the backward-bending portion of 
their labor supply curves. Over the nation primary and secondary worker 
hours per family have fallen by 0.19 and 0.80 percent, respectively, in 
response to the exogenous demand shift. Wage rate changes dominated 
hours changes so that for primary workers earnings per family 'increased 
in all except the disequilibrium states, while secondary earnings per 
family increased in all but three other states. Family earnings increases 
exceeded 0.90 percent for all but the disequilibrium states (virtually 
unchanged) and New Jersey (0.67 percent increase). 

In Table 13 the percentage changes in response to the output-unearned 
income exogenous increase are reported from the group perspective. 
Primary worker earnings registered increases in all but the F-Y-NC group, 
in which a large hours decline outweighted the wage rate increase. The 
sizes of the earnings increases varied, from 1.75 percent down to 0.54 
percent. From a glance at the wage rate and hours components we observe 
uhat groups are ranked in the same order on both H^/F and E^/F. The 
groups rank in descending order on E^/F increases as follows: ^F-O-NC, 
K/F-Y-C, M/F~0-C,M-0-NH, M-Y-NC, M-O-SC , M-O-H, and F-Y-NC. Primary 
workers in the top two groups increased hours worked, whereas the others 
all moved up the backward-bending portion of their supply curves. In 
general the groups are bunched into four sets: older female heads are on 
top, while younger female heads are at the bottom; between them arc the 
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college graduate, the older less educnlod male, and the younger male 
groups on the upper side, and Lhe older more educated males on the lower 
side. 

Relative to their primary workers, thnre was greater variation in 
wage rate changes and larger hours changer, among secondary workers.. In 
fact, hours decreases exceeded wage rate increases for four of the groups 
so that their earnings fell. (Note what appears to be a spuriously large 
increase in secondary hours for the F-Y-NC group resulting from a large 
estimated wage elasticity due to a small average number of secondary hours 
in this group). Nevertheless, the secondary contribution is relatively 
small and the prevailing family earnings pattern changes are described by 
the prUnary worker earnings component. In sum, one percent expansion of 
butput and unearned income is associated with family earnings increases 
ranging from 0.51 to 1.55 percent and averaging 0.75 percent over all the 
groups . 

To examine the effects, of population growth, we next introduced a one 
percent increase in the number of families (Tables U and 15). The 
resultant changes are mirror 'images of the case just considered because 
constant returns to scale-in demand from increases in output is matched by 
constant returns to scale m supply from increases in the nunber of families, 
Since supply is in terms of hours per family a one percent increase in the 
number of families by itself will increase total hours by one percent. 
Moreover, aggregate supply is further increased from those groups in which 
H/F increases in response to the implied fall in y"/F. However, for those 
groups with positive income elasticities a fall in y"/F will .1 ^.o cause U/F 
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to decline. Nevertheless, since the largest positive income elasticity is 
significantly less than unity, the exogenous changes do yield excess supply 
at the old equilibrium wage rates. In response to this excess supply, both 
primary and secondary wage rates fall by more than would otherwise be 
necessary in many states to compensate for the increase in hours per family 
which occurs in half of the states as suppliers move down the backward- 
bending portion of their supply curves. Primary wage rate decreases out- 
weigh the hours per family increases so that primary earnings fall in 
every state, while secondary earnings fall in all but the three disequili- 
brium states and Ohio. The relatively large secondary earnings increase 
exceeds the primary earnings decrease in the disequilibrium states so that 

family earnings rise* in these three states but fall in others. / 

I 

From a group perspective, the excess supply associated with the one / 

/ 

percent increase in the number of families is taken up by similarly sized 
primary wage rate decreases of slightly less than one percent and hours 
changes that vary — three groups being on the upward-sloping ^portion and 
five on the backward-bending portion of their supply curves — from -0.24 
to 0*87 percent. Accordingly, primary workers in these five groups 
register smaller earnings decreases than workers In the other groups. 
In fact, a ranking of the groups in descending order on E^/F decreases is 
almost identical (only the third and fourth positions are interchanged) 
to the ranking on E^/F increases caused by the exogenous output shift. 
Thus, family heads which fare relatively better when output increases are 
also likely to fare relatively worse when population increases. . More- 
over, we note chat for primary workers In all but one of the groups the 
earnings decrease associated with an increase in population is smaller 
than the earnings increase associated with the increase in output. 
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The decrease in secondary wage rates vary across the groups from -0.39 
to -0.95 percent while hours per family increase for all but the Icmalc- 
headed family group secondaries who find themselves below the backward- 
bending wage rate. Secondary earnings fall for only four of the groups, - 
but family earnings fall for all of the groups as the primary earnings 
changes dominate. In sum, » one percent increase in the number of families 
results in excels labor supply which is absorbed, on average, by a combin- 
ation of 0.97 and 0.85 percent decreases in primary and secondary wage 
rates, respectively, and hours per family increases of 0.13 and 0.A8 per- 
cent for primary and secondary workers resulting from the increase in 
demand caused by the wage rate decreases. The wage rate changes outweigh 
the hours increase and family earnings decline, on average, by 0.75 percent, 
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VI. CONCLUSIONS 

Inthis paper we have presented an econometric labor market model 
which integrates the theory of human capital with the theory of supply 
and demand. The model explains primary and secondary wa^e rates, hours 
and hence, earnings in eight mutually exclusive and completely exhaustive 
family types across the thirty states or groups of states in the United 
States. In this model we hypothesize that the average wage rate for a 
group in a state is the product of the average stock of utilized human 
capital in the group and the market rate of return on human capital in 
the state. Relative wages in a state are then determined by the dis- 
tribution of human capital across groups, while absolute wage rates and 
employment are determined by the supply and demand for equivalent-quality 
labor In the state". We also establish an empirical correspondence 
between the distribution of human capital and the distribution of workers 
by demographic characteristics - age. education, and sex - so that human 
capital groups are defined in terms of these characteristics. 

The model was estimated primarily with data aggregated from the 1970 
C'.nsu8 1-1000 Public Use Sai'ole, Relative wage equations relating primary 
workers across human capital groups and relative primary and secondary 
wo^k-efs-wl1:hin groups-were estimated by an ordinary least squares method. 
The supply equations for primary and secondary workers and l:he demand ^ 
equation for equivalent-quality hours were estlJDated by an instrumental 
variables method with augmented non-linear instruments. 

Th« estimated relative wage equations indicate a large explained 
variance in primary wage rates between human capital groups and a small ! 
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unexplained variance across states within the same group ^ We found that 
primary wage rates relative to the wage rates of a numeraire group ''male . 
heads with high school education, age 36 and over) are significantly lower 
in the South* However, we also found chat secondary wages relative to 
primary wages were high iji^^the South. The estimated demand equation 
describes a unitary elastic deVnand for labor in response to variations in 
tnarke^ wages. The primary and secondary supply equations yield signifi- 
cant backward-bending labor supplies. Other family income^ and demographic 
characteristics were also found to have a significant effect on labor 
supply . 

Predictions are obtained from the model by solving for each state or 
group of states the nonlinear, simultaneous equation system consisting of 
a supply equation for primary and secondary workers in every human capital 
group, relative wage equations relating the wage rates in these groups, 
a demand equation for all labor, and an equilibrium identity equating 
supply and demand for hours of equivalent -Kjuality. We have examined tha 
ability of the model to explain primary and secondary waj;es, hours, 
and earnings by state and, hence, for the nation as a whole averaged over 
all groups and by group averaged over all states. The ability of- the 
model to explain the state averages in 1969 was very good; for the nation 
it was excellent. 

~~\7e^also~nB:}qjiored the effects^of exogenous increases in output and 
population upon equilibrium wage rates, hours, and earnings. Xn both 
cases in response to the exogenous changes, we observed greater variation 
of hours across human ca)ital groups than variation of wage rates. .Although 
hours changes displayed more variation, the wage rate change was larger 
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and thereby dete'-roined the direction of the chiange in earnings. % The 
differential effects were determined by the curvature of the supply curve 
around the backward-bending wage rate and whether the group was moving 
along the upward-sloping cr backward-bending portion of the curve. Finally, 
we observed that those family types which benefited the most fi .m an 
increase in output (namely, the older female-headed group; both college 
graduate groups; the older, less educated male-headed group; and 
younger male-headed group) were the ones to experience the largest decrease 
in earnings when population was increased exogenously. In this case 
earnings per family r'^gistered the smallest decreases for the younger 
female-headed group, and the older male-headed groups with high schvol 
and some college. Correspondingly, these two groups^ also benefited ^east 
from output increases. Therefore, those who benefit >(suffer) the most from 
output^ (population) increases would suffer (benefit) the most from output 
(population) decreases and vice^versa. 
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1. Fuchs [14], Gallaway [15], Scully [34], and Segal [35] examine ' 

• ;"'f^f "'^^ differences. Griliches and Mason [19], Hanoch [22], 

Hansen, Weisbrod. and Scatilon [23], and Hanushek [24] examine indivi- 
dual earnings differencials Hanushek examines earnings relationships ' 
•over labor market areas and finds large differences in the returns 
to human capital and that much of the difference ^in regional earnings can be 
T.lt Tf. '° ^•^'^"^•^""1 differences in earnings f.-.ctions. We would attribute 
these differences not to differences in the structure of human capital ^nd the 
supply and demand for labor, but instead to differences in the level of"unearned 
income and in the level and composition of families and output. 

2. For the derivation of the supply equations from the maximization of 
family utility, see Cohen', Rea, and Ler;nan [10], Rosters [28] or Rea 

Zero cross-substitution effects is an assumption that if UiC utility 
of the family i^ held constant by compensatory changes, then the demand 
for leisure by the primary (secondary) worker is independent of the 
demand for leisure by the secondary (primary) workers. This ass-mp- 
tion is made by Rea [32, pp. 7-12] in his derivation of the supply 
equations- and by Kosters [28, pp. 11-17] in a study of the effects 
of the ii.come tax on labor supply. He assumes that the income compen- 
sated component of the (substitution) effect of the wife's wage rate 
on the husband's labor supply is, small. In [29, p. 308] he proves 
that the smaller is the ratio of secondary to primary earnings, the 
smaller the bias in calculating the substitution effect ignorinp the 
cross-substitution term. 

3. The seminal piece is Becker [2]. For a survey of the distribution 
of earnings literature from. a human capital viewpoint, see Mincer 

I J • 
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To be sure, past discrimination has inhibited the accumulation of 
human capital with the outcome that current stocks are lower than 
they would have beeti othervrLse. But there is also evidence which 
suggests that occupational discrimination in conjunction with supply 
and demand for labor plays a large role in keeping wage rates low. 
ice an empirical study see Bergnian [3] • 

Bern^t, and Christensen [A] relate the equality conditions on the Allen 
partial elasticities of substitution (AES) to separability restrictions 
on a function. Since Solow and Uulten related separability to 
conditions for the existence of an aggregate index, Berndt's theorems 
relate restrictions on the AES 'to aggregation conditions. 

In a production function study using national data over the period 
1929-68, Betndt and Christensen [4] find that capital equipment and 
structures can be aggregated to form ^ consistent index of capital, 
but that it is not possible to form a consistent aggregate index of 
blue ^nd white collar labor, or blue collar labpr and capital, or 
white collar labor and capital. - v 

Bowles [8] and Psacharopoulos and Hinchliffe [31], however, find 
high, though not^ infinite, elasticities of /substitution between 
different types of educated labor in a cross country comparison. _ 
Bowles has proposed incorporating^ the estimate of the elasticity of 
substitution into the weighting procedure for forming the index. 

We believe that tests for consistent aggregate indices depend on the 
^l^vel of aggregation of the components, the' data sample, and the 
px9duction -function employed to do the test. 

Griliches [18] applies relative wage rates to obtain a measure of 
labor input in constant quality units when estimating an interregional 
production function. 

Deni^on [12] also uses.-relatJve wage rates to adjust a' historical 
measure of labor hours for changes in th'e. quality of labor service. 
Schwartzman [33] employs an liourly earnings index to estimate the 
contribution of education to the' change in the quality of labor • 

Sampling error is a potentially serious problem in our work because 
of the way we have defined family types. We rely on che aggregation 
of family types into human capital groups to keep sampling error 
manageable. 

The purpose of the' procedure as to obtain the value of income origin- 
ating in a sector in a given state from che value of personal income 
received in the state by employees in that sector. This is done 
to reflect the unreported capital component excluded from estimates 
of personal income. 



/ 



1.71 



11. See Crandall, MacRac, and Yap [12] for a discussion of the regional 
price index problem. 

12. Those living in group quarters who are excluded comprise patients 
and inmates, people living on army bases, and In college dormitories. 

13. See Fuchs* [14, p. 4 and Appendix B] who calculates annual hours in 
the same manner. ^ 

14 The discussion which follows is an overview of research by Greenston 
• and Riordan [17]. A description of the Automatic Interaction Detector 
algorithm is found in Soiiquist and Morgan, The Direction of Inter- 
action Effects . Monograph No. 35, Survey Research Center, institute 
for Social Research, University of Michigan, 1964. 

15. Hall [21, pp. 112-113] also uses an analysis of variance model to 
explain wage rates with demographic-education variables. 

16 For a discussion of the issue and some empirical evidence see Bowen 
and Flnegan [7, p. 30 and p. 70] and a coim«|nt on another paper by 
Hansen [6, p. 595]. A theoretical discussion of the issue in terms 
of a family labor supply model is given by Gronau [20]. 

17 Potential wage rates are discussed and estimated by Kalachek and 

• * Raines .[27, pp. 160-1, and pp. 182-5]. These researchers also refer 
/ to work by Mincer for support of the role of "permanent rather than 
current earnings in supply function estimation. Kalachek and Raines 
emphasize tke role of the Industrial environment in sua- .ng supply response: 
'*Most manufacturing! firms, for instance, require the ai-^ae number of man- 
-hours per year from their production employees, regardless of rank or 
earnings. The low-level semiskilled worker normally labors as long as the 
senior level semiskilled worker, though he may earn substantially less per • 
"hour. Experience and seniority are the prerequisites for advancement in wagas, 
and they can.be obtained only by working with reasonable competence for the 
required number of manhours per year. The labor supply response of the 
semiskilled worker who fulfills the company's manhours expectations cannot 
be attributed then to his current wage, but rather to the average expected 
wage discounted over his planning horizon." 

18. Kalach*;.. and Raines estimate potential wages from equ?;:ions fitted 
by a multiple regression analysis using a subset ol their population 
in which sex-race-aga-education interactions and location are the 
regressors. Our technique is similar in that demographic-education 
Information as it determines relative human capital stocks (through 
a variance - regression model) is used to estimate potential wage 

-> rates. 

19. Fisher [13, pp. 30-33] suggests the method of augmentation which we have 
followed. 
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20. See Cain and Watts [9, pp. 330-337] for definitions of the total 
incorae elasticity. 

21. Cain and Watts [9] present a comparison of labor supply estimates 
obtained by various investigators with emphasis on their implica- 
tions for* income maintenance policy- The discussion here draws on 
that comparison. It involves resea^rch by Ashenfelter and Heckman [1], 
Boskin [5], Cohen, Rea, and Lerroan [10], and Garfinkel [16], Hall [21], 
Kalachek and Raines [27], and Hill [25], 

22. See Hall [21]. 

23. Cain and Watts [9, pp. 348-352] discuss the choice of the dependent 
variable. 

24. See Kalachek and Raines [27]. 

25. Jorgenson [26] surveys the empirical work. 
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WAGE DIFFERENTIALS, HUMAN CAPITAL, AND 
DEMOGRAPHIC CHARACTERISTICS 

by Peter M. Greenston and Dale P. Rlordan 



Abstract 

A sequential one-way analysis of variance procedure (Automatic 
Interaction Detector) is applied to the explanation of individual 
wage rates as a function of demographic and educational character- 
istics with data from the 1970 1-1000 State Public Use Sample for 
California. One of the results of this analysis is that race is 
not as important a predictor in explaining average hotirly wage 
rates ?s are other demographic variables, nor is sex among higher 
educated individuals. Age seems to be a stronger predictor of 
wage rates among individuals with a B.A. or advanced degree than 
is sex. Race may be manifesting its effects, however, through 
other vaiiables such as education. When an explanation is sought 
of the variation in wage rates oi' an entire population, rather 
than an analysis of wage rate differentials between two specific 
demographic groups, racial or sexual differences may not account 
for a substantial amount of the total variation. 
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WAGE DIFFERENTIALS, HUMAN CAPITAL, AND 
DEMOGRAPHIC CHARACTERISTICS* 

by 

Peter M. Greenston and Dale P. Riordan 
The Urban Institute 

In recent years, much research has been reported which analyzes the 
source of wage rate and earnings differentials within and across markets. 
The purpose of this" paper is to apply human capital theory to an analysis 
of wage rate differentials within a labor market, using demographic char- 
acteristics as proxies for human capital. Although this is not novel 
In analyzing wages, our methodology is somewhat different in that we use 
an analysis of variance technique, rather than multiple regression, to 
explain wage rate differentials. This allows us to focus on the inter- 
actions of. a set of demographic characteristics in determining wage rates. 

Previous research on wage rate differentials has consistently employed 
multiple regression techniques, often with no specification of interaction 
effects between the independent variables. Fuchs, for instance, analyzes 
wage differentials between the South and Non-South in 1959, by race, age, 
sex and education. His specification, however, is a simple linear one, 
without interaction effects."^ Blinder utilizes the sa-.e technique in de- 
composing wage differentials between males and females, and blacks and 
whites, by regressing wage rates on age, education, race, parent's incoir.a, 
etc.^ The im;>licatioa. is that one would add the coefficients of education 
and work experience to get the combined effect of the:se two variables, but 
Thurow has shown that when education and work experience are allowed to 
interact, the combined effect is approximately four times as larg;- as the 
sum of the separate effects.^ Hence, previous er>timnt.es of the waga diff- 
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erentlal between blacks and whites where blacks have less formal education 
and less continuous work experience may be seriously biased downward. 

An analysis of variance technique similar to ours has been used by 
Hall and by Boskin,^ but they have impose?! some rather stringent restrictions 
on the interaction of their explanatQry variables. For instance, in ex- 
plaining the wage differential between two race-sex groups, the wage profile 
by age is not allowed to vary with education. In other words, if we compare 
thirty year old white females and black females with a high school degree, 
we would obtain the same wage ratio if we looked at thirty year old white 
and Ulack females with a B.A. Our technique,, however, woulc impose no such 
restriction on the wage rate ratio. 

A sizeable body of literature also exists in which human capital theory 
is used to explain earnings differentials. Hansen, Weisbrod and Scanlon 
regressed yearly earnings on several independent variables: years of schooling 
completed. Armed Forces Qualification Test percentile, training, and year^ 
of work experience, among others.^ Their sample con. is^s of 17-25 year old 
males who were rejected for military service, but no information is giver, as 
to how many annual hours these individuals worked. Grilic.hes ^ Mason 
propose a similar specification, though they restrict their sample to males 
21-34 years old, working full tlme.^ Whereas analyzing wage r-te differentials 
using human capital theory is a sound approach,, using it to analyze earnings 
differentials is not. Since earnings ii the product of a wage rate and hours 
supplied to the market, an earnings function is actually a reduced-form of 
the labor supply system. For example, suppose two individuals J.n a labor 
market have the same demographic characteristics (say, white females with a 
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B.A. in economics) and same wage rate. However, one woman has more of a 
taste for leisure and hence works only half as much as her counterpart. 
Using human capital theory to explain this- differential would imply that the 
woman with higher earnings has more human .capital, when, in fact, they both 
have the same amount, the difference in earnings being due to different 
utility functions. Therefore, human capital theory alone is not apprsEriate 
in studying earnings differentials, fiuman capital theory is essentially one 
of relative wages, not earnings, and although this distinction would not be 
crucial if everyone worked approximately ,the same number of hours, the di- 
versity of hours offered in the market by demographic groups suggests that 
the error may be quite significant. 

In this paper. Section I describes the human capital model, and Section 
II describes the algorithm used to detect the interaction of the .^2mographic 
characteristics. Section III describes the data base, and Sections IV and V 
report rc -'lts and conclusions. 

I. HUMAN CAPITALc THEORY 

According to the theory of human capital, wage rates are the product of, 
a market rate of return and an effettive stock of human capital: 

(1) W,. = (OjK^Yi . 



where W^^ is the wage rate of the i*^^ individual or group of "identical" 
Individuals in the j*^^' labor market, is the market irate of return, is 
the individual or group average human capital stock, and is the utilization 
rate of the individual's or group's human caoital in the market place. Wage 
rates can differ across individuals or groups, therefore, because they may 
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work in different markets or have different human capital stocks and utili 
zation rates. In equilibrium in any given market, however, relative wage 

rates are determined only by relative utilized hv an capital stocks. For 

t*h th 
example, consider the n individual or group in the j state. The relative 

th th 

wage rate between the i and n individuals or groups is expressed by 

(2) ^ . 

In this paper v;, attempt v-to find those combinations of demographic-education 
characteristir.s by which individuals can be grouped so as to form the most 
homogeneous groups in terms of human capital. Since in equilibrium relative 
stocks of utilized human capital determine relative wage rates, the search 
for homogeneous groups can be carried out by finding those groups which maxi- 
mize our ^ability to explain wage rate differentials. 

The rate of utilization, Y» is conceptually formed as:. 

(3) Y = a-i^^t^), 

where is a proportion of the amount of work time spent in on-the-job 
training or investment, and tj^ is the leisure component expressed as a 
proportion oE work titne,^ Since training can be either specific, general, 
or some combination of the two, individuals in the same market >7ith the 
same ctock of human capital and the same utilization rate, can have different 
wage rates if one individual receives only completely specific training while 
the other receives completely general training, since a firm will incur the 
cost, of specific training. In our analysis we focus on utilized human 



capital, assuming that "identical" individuals have the same utilization 
rates • Discrimination, by race or sex, can be viewed as affecting the 
utilization rates of groups, VJe make no. attempt to explain the variation 
in utilization rates among groups, just as we do not explain the distribution 
of human 'capital. ' .* 

As a proxy for^human capital; we propose the use of race, age, sex, and 
education characteristics, A priori , we believe that race accounts for the 
differential work and educational opportunities that have been available to 
non-whites because of a variety of factors, an them discrimination* Age 
represents on-the-job training and work experience, and thus directly in-- 
fluences the utilization rate. Sex is a variable representing the more 
limited opportunities for education and selection of jobs available' to 
females vis-a-vis males. Educr.tion is a variable denoting formal training, 

II, ANALYSIS OF. VARIANCE MODEL v 

In what follows we describe the algorithm usi;J to parrition the sample 
into homogeneous groups so as to maximize wage rate dif f erenf^als betwec \ 
groups and minimize that within each grov.p. An analysis of variance tech- 
nlque is employed because of the importance of allowing complete interaction 
among the demographic-education characteristics in foming homogeneous g».:;ups 

The total variance (TSS) of individual' wage rates within a market can 
be separated into two parts, an inter-group sums of squares of : he explained 
variation given the groups (hereafter called the BSS), and the .>uni of ii^rra- 
group sum's of square*: or the unexplained portion (USS), Consider n^+r. — ... 
wage rate observations, W^_. , which have bqen classified into m groups. The 
total variance can be expressed as follows: 



Q n. ' u 



(4) Tss = tw - 

i=l }=l i=l ' 

m n.. . 

2^5^ (W - W^)^ = BSS + USS,' 



i=l j=l 

^where W is the mean of the parent group or the grand mean, is the mean of 
each sub-group, and is the number of observations in each of the m groups. 
The first term is the total sums of squared deviations of the> m' group means 

0 

about the grai^d mean and the second term is the sum of the variation within 
each group. 

<>To take an example, consider a partition of the observations based on 
sex: m = 2. Equation 4 is rewritten: 
2 n. ■ 

(5) ^^ij - = "l^^l - * "2^^2 - + ' 

i=l j=l ' 

or "i^V * "2^V " S " " 

i=l j=l 



If such a classification happened to produce perfectly homogeneous groups — 
i.e., the wages of all males are the same, and the wages of all females are 
the same so that the last two terms are zero — then the total variance would 
be accounted for solely by the intergroup mean differences. If this parti- 
tion did not produce perfectly homogeneous groups, then introduction of an- 
other demographic variable (like education) might reduce the unexplained 
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variance. 

The problem is essentially one of selecting groups using demographic- 
education characteristics . so that the variance, in wage rates within these 
groups is minimized. A number of reasonable constraints have been imposed 
so that the algorithm will generate meaningful, prominent groups. First, we 
require that each group account for at. least one percent of the total vari- 
ance. Second, we ensure that the predictor variable (i.e., the demographic 
characteristics) which is used to split a group reduces the unexplained 
variance by at least a minimal amount. This is done by requiring that the 
between-sums-of-squares, BSS, for the proposed partition be at least a 
specified proportion of the original total sums of squares. We also esta- 
blish a minimum group size to' keep sampling error in cheeky and limit the 
number of groups generated. Within these constraints, we then maximize the 
left-hand side of (6), thus minimizing the unexplained variation in wage rates. 

The computer algorithm used is -the Automatic Interaction Detection (AID) 
program.^? This algorithm uses a non-symmetrical branching process to form 
human capital groups by partitioning the sample (using demographic-education 
predictor variables) to best explain the variation in hourly wage rates. 

To demonstrate the branching algorithm, suppose we have 500 individuals 
In our parent group, and we have two demographic predictor variables: race 
(white, black/brown, and oriental) and education (highest year of schooling 
completed: grades 1-8, grades 9-12, grades 13-16, and 17 years or more). 
Accordingly, we can divide the parent sample into three categories based on 
race, or into four categories based on education. For each predictor, the 
categories are -put into ascending order based' on the mean wage rate of the 
' observations in elch category. ^° Supposcjthe ordering is oriental, black/ 

I 
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brown, white. Then a trial dicholomi/al ion of the observations on the race 
variable occurs in which "oriental^' observations are yopaiated from the others. 
The amount of , variation (i, e. , the BSS) that this partition accounts for is 
calculated • Another *trial dichotomii'.atlon is performed on orientals and 
black/brown versus whites. The same sequence of ordering and trial* dichoto- 
mizations are performed usipg the education predictor variable. There will 
be two trial dichotomizaJtions on the race variable and three on the education 
variable. The parent s'ample will now be split by the dichotomization (parti- 
tion*) with the largest BSS. Sif^ose this is on the rlicc variable, where 
whites as one group are separated from the black/brcunis and orientals. Each 
new group is then verified to sec-. wheLhtr it 'accounts lor at least some 
specified amount of the origimil total variance. If it doesn't, we conclude 
that the parent group was fairly homogeiieouo, and need not have been split. 

FIGUKK 1 
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For example, supppse both groups in Figure 1 meet the above criterion. 
The" next split is contemplated on the grou^ with the largest amount of vari^ce.^ 
If this is group //2, we calculate the BSS for all the possible dichotomizations • 
of the N = AOO observations with respect to the education variable, and select 
the next split according to the largest BSS. If group //3 has the largest 
amount of variation, we calculate the BSS between black/broras apd orientals 



ERIC 



2.9 



and also for th^' dichotomies of the N = 100 observations on the education 
variable. / 

We can alio restrict the type of split made by requiring a predictor 

/ 
/ 

variable to/be monotonic. This means that" categories of this variable must 
be partitibned into contiguous setk. We did impost the contiguity restric- 
tion on tfhe education variable because we believe that average wage rates 
increase monotonically with schooling completed. We did not, however, impose 
it on the age variable because, a priori , we expect some young individuals 
who are accumulating human capital to have similar average hourly wage rates 
as some older individuals whose human capital is already depreciating." 

In summary, AID forms groups by calculating the amount of variation ex- 
plained (BSS) for each dichotomization of the group of each predictor vari- 
able, splitting; the parent group on that predictor variable which accounts 
for the most variation of the dependent variable, i.e., the one with the 
largest BSS. The next split is contemplated on the group wifh the most var- 
iation, again calculating the appropriate between-sums-of-squares. If the 
variation withjln a group is not significant as defined by the user, it is 
considered homogeneous and it becomes a final gtoup. For those groups that 
are candidates for further splitting, it is also required that the reduction 
in unexplained variation from splitting on a predictor be some minimal pro- 
portion of the TSS. If there is no pr£.dictor satisfying this condition, then 
the group will not split any further. The process terminates when there are 

fio groups capable .of being split. 
1 

III. CENSUS PUBLIC USB SAMPLE 

To ensure we are observing the effects of human capital, and not those 
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,of supply and demand, we must cofitrol for market effects; hence, we draw ob- 
servations from only one market. We use states to delimit labor market areas, 
but we do recognize that a state may contain several labor markets or a labor 
market may span several states. 

We use data for the State of California from the State Public Use Sample 
(l/lOOO) of the 1970 Census. We choosk 'California because it is the largest 
state in the nation and hopefully rep it esen tat ive of the nation. Our dependent 
variable is the average hourly wage rkte of primary workers, formed by 
dividing annual earnings of each individual by the product of hours worked 
in the Census*^ reference freek (Marc^, 1970) and the weeks worked last year 
(1969)- Only those individuals who reported earnings and hours are included 
in the sample. Our predictor variables are: 

(a) Race - 1 categories: White; .Oriental, Nonwhl;te and Others 

(b) Age - 5 categories: 16-21;. 22-35;* 36-5A; 55-64; 65 and over 

(c) Sex - a binary variable 

(d) Education 6 categories by. years of schooling completed: 0-8; 

9-11; 12; 13-15; 16; 17 or more. 

IV. HOMOGENEOUS HUMAN CAPITAL GROUPS- ' 

The homogeneous human capital groups produced by the AID algorithm are 
shown in Figure 2. In each box is the number of observations (N) the average 
wage rate (W) , and other relevant demographic information for that group. The 
number on top indicates the order in which AID did its splitting. For example, 
•group 4 was split before groups 3 or 5 because its variation was larger. In 
describing the results, however, we do not follow the sequence in which the 
groups were formed. 
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The schooling variable splits the parent sample into tho^ witl/ a bache- 
lors degree or more frpm those without a college degree. Hereaf^r, we shall 
refer to subsequent splits of the less educated group (#2) as b^ing In the 
upper segment, and those of the more educated group (B) as bAng in the 

lower segment. / 

The next split in the upper segment is on sex,' females again /dividing on 
the sch'ooling and age variables. The males («4) proceed to split on a series 
of age-schooling divisions, a finding in concurrence. with pr^ious work. One 
exceptional result, however, is that the race variable doe/ not become a signi 
ficant predictor of differences in the average hourly wa^e rate until rather 
far into the upper segment (groups #22 and 23). It i/rather interesting to 
note, however, that race is a significant predictor/or ly for middle-aged 
males with less than a high schodl degree. Apparently, the effects of 'dis- 
crimination, as revealed through a smaller utilized stock of human capital, 
are most visible in this demogr^ic group. Most studies have found race to 
be of prime Iwortance in explaining wage rate differentials. Our results . 
do not imply, Htowever, that if we selected two individuals with similar demo- 
graphic characteristics except for race that race would, not' be an important 
factor. Rather, they impfy that race by itself^does not account for a large 
enough proportion of total wage rate variation in the observation set rela- 
tive to that accounted for by education, age and sex. One reason for this 
is that nonwhites comprise a small proportion of the sample and hence could 
not account for a high proportion of the variance unless their wage rates ^ 
were extreme outliers — which they apparently are not. 

l(he lower segment splits only on age and schooling, indicating either 
that'cxtreme differences in average hourly wage rates do not exist for the 
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more educated females vls-a-vis males, or that there are relatively few women 

In our sample with 16 or more years of - formal schooling, so that wage rate 

differences between the sexes do not account for much of the total group 

variation. Again, we are not Implying that a male-female (holding other 

demographics constant) wage-rate polarity does not exist, just that the effect 

13 

of sex on wage rates may be swamped by other characteristics. 

According * to . our human capital model, relative wage rates in equili- 
rium are proportional to relative utilized stocks of human capital. In 
Table I, we present the human capital groups that resulted from AID, (with 
some groups in Figure 2 being reaggregated) . They are ranked from highest to 
lowest according to the average hourly wage rate of each group. We also 
present the implied utilized human capital units for each group using group 
(a) as the numeraire. 

Age and education are the key variables in explaining differences in 
utilized human capital. Presumably because of schooling, those in group (c), 
who are otherwise demographically similar to those in (a), have 12 percent 
less utilized human capital than those in (a). Education also explains why 
those in group (f) have 10 percent less utilized human capital than those 
In (d). Due to* age, individuals in (j) have a 25 percent higher wage rate 
than individuals in group (1), while race accounts for those in (g) having 
28 percent mo^e utilized human capital than those in (1). Overall, our 
results accord with those found in previous research, except for the role of 
race. 

m 

Hall and Boskin have used analysis of variance techniques in constructing 
wage equations for their labor supply models. Hall's method is somewhat 
more restrictive than ours, however, in that within each race-sex gro-jp, he 
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TABLE 1 

HUMAN CAPITAL GROUPS BY DEMOGRAPHIC CHARACTERISTICS 

Group Average Hourly Utilized Human Capital 

Identifier* Wage Rate Units (Group (a) = 1.00) 



a 


^ R Oft 


1.00 


D 


7 S6 


.92 


C 


7.2A . 


.88 


d 


6.17 


.75 


e 


5.59 


"~ .68 


f 


,5.55 


.67 


g 


4.88 


.59 


h 


4.39 


.53 


1 


/ 3.81 


.46 


3 ' 


/ 3.54 


.43 


k 


/ 3.11 


.38 


1 


/ 2.83 ' 


.34 


m 


/ • 2.03 


.24 



*(a) All Individuals/ 36 years old or more, one or more years of graduate 
school* / 

(b) ' Males, 65 year$ old or more, 0-15 years^qf $chool. 

(c) All individuals, 36 years old or more,^ college graduate. 

(d) Males, 36-64 ^rears old, some college.. 

(c) All individuals, under 35 years old, college graduate or one or more 
years of graduate school* 

(f) Males, 36-64 years old, high school graduate. 

(g) White male^, 36-64 years old, 0--11 years of schooling. 

(h) Males, 22-^5 years old, 0-15 years of school. 

(i) Males, nom^hite and oriental, 0-11 years of school, 
(j) Females, 36 years old or more, 9-15 years of school, 
(k) Males, 1^-21 years old, 0-15 years of school. 

(1) Females,/ 16-35 years old, 9-15 years of school, 

(in) Females^ 0-8 years of school. 
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assumes tliat the effect of education, on average, is independent. For ex- 
ample, Hall finds that white males, 25- 3A years old, with 12 years of edu- 
cation, have an hourly wage rate which is approximately 25 percent higher 
than' that of black males in the same age and education category. By impli- 
cation, if one compared the same two race-sex-age groups, but this time those 
with a college degree, the white males would still have an hourly wage rate 
25 percent higher than black males. Our results, on the contrary, suggest 
an Interaction between education and age. Comparing white males with oriental 
ttonwhite males, age 36-64, we find that the ratio of their wage rates is 1.00 
for those with 16 or more years of schooling, 1.00 for those with a high- 
school degree or some college, but 1.28 for those with 11 years or less of 
schooling. Since Boskin's method parallels Hall's, it is subject to the 
same restrictions. 

Other research is even more restrictive than Hall's or Boskin's in not 
allowing for interaction of any demographic characteristics. Blinder 's 

analysis suggests that age accounts for five percent of the white-black 

\ 

male wage differential in his sample, while education accounts for 20 per- 
cent. This suggests that a white male who is older and has more education 
than a black male 'shoyl,^ have a 25 percent higher hourly wage rate, but 
ThurovJ^- has' shown that for his education and experience variables, the com- 
bined effect is Approximately four times as large as the sum of the separate 
effects. Although we would not necessarily expect the same 4:1 ratio, it 
seems safe to conjecture that the combined effect would be greater than 25 
percent. 
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V. CONCLUSIONS ' [ 

Several points emerge from our research. ' Fijrst. we have lised human 
capital theory to explain relative wages, not earkings, since earnings are a 



function of a wage and hours supplied to the market,. and therefore cannot be 
analyzed by human capital theory alone. Second,; we have utilized an analysis 
of variance technique ttf> explain the variation in average hourly wage rates 
rather than multiple regression. Using the fot^ner technique allows for com- 
plete interaction of the independent variables/, revealing insights into the 
joint effects of the independent variables on- the dependent variable. Third, 
we have found that race is not as important j predictor in explaining average 
hourly wage rates as our other demographic variables, nor is sex among higher 
educated individuals. The former may be dJe to the fact that race manifests 
its effects through other variables such a'b education. For instance, if most 
black males in a certain age group had lis education than same-aged white 
males, the split might take place on the/ education variable rather than the 
race variable. Similarly, age may be ^ stronger predictor of wage rates 
among Individuals with a B.A. or advanced degree than is sex. We do not 
infer^from these results that racia/or sexual discrimination is of small 
consequence, but that when we seek' to explain the variation in wage rates 
of an entire population, rather /than analyze wage rate differential^ of two 
specific demographic groups, racial or, sexual differences in some ca^es may 
not account for a substantial amount of the total variation. 
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1. See Fuchs [4]. 
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2. See Blinder [2]. Sc My (13] implicitly takes some interactions 
intj account in forming a human capital variable. , • . ■ . 

3. See Thurow [18]. 

4. See Hall [7] and Boskin p]. 

5. See Hansen, Weisbrod an'l Scanlon (9]. 

6. See Griliches and Mason [6J. Becker^ [1], Hanoch [8] ond. Hanushek 
[10] also use human capital theory to explain earningc differentials. 

■ 7. In a strict dynamic sense, we would have to allow for a feedback 
of on K, since on-the-job- training is a capita] -forming activity. 

8. General training is' defined as training that increases the marginal 
product of an individual to all firms, while specific training raises an in- 
dividual's marginal product only= in the firm providing the training. Hence, 
a firm could be expected to provide specific, but not general,, training since 
it can capture the returns to investment in che former case but not the latter. 
For a complete discussion, see Becker [1]. Of course, a sound argument can 
be made that- relatively little training is firm-specific. 

■ 9. For a complete discussion of the algorithm, see Sonquist and Morgan 
[16]. For an application of AID to the income distribution problem, see 
Smith and Morgan [15]. 

10. When the categories are ordered by their mean values, the variable 
is said to be "free". If we impose a mdnotonic rela. lonship between the de- 
pendent variable and a .)redictor va.riablfe, U^en the categories of the pre- 
dictor variable are ordt red contiguously rather than by their category means. 

. 11 We exclude from the potential labor force those individuals under 
16 years of age, and those currently in the military service. We also ex- 
clude 16' and 17 year olds attending school. 
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\ 12. Hall [7] obtai-ffg^ similar result. 

• 13 Contrgr^ to our results. Kreps [11] finds that women generally - 
have Ipief^e rates than men. the difference being more pronounced for those 
if 35 years old. 

14. See Hall [7. p. US]- 

15. See Thurow 118]. 
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EQUILIBRIUM AND DISEQUILIBRIUM IN THE LABOR MARKET 
^by C. Duncan MacRae 



Abstract 

A dynamic disequilibrium model of the labor market is presented 
and analyzed in this i^aper. This model integrates the classical 
theory oFsupply and donand with the modenTtheory of job~8ear^E"' 
and labor turnover. One of the implications of the model is 
that there need not be a trade off between inflation and unemploy- 
ment or a natural rate of uneJiq>loyment unaffected by fhe rate 
of inflation. Rather for certain values of the parameters thfere 
is a direct relation between inflation and unemployment in the 
model. Therefore, an increase (decrease) in aggregate demand 
can increkse (decrease) npt only inflation but also unemploy- 
ment. ^ 
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' ' EQUILIBRIin^ AND DISEQUILIBRIUM IN THE MBOR MARKET* 

. by C. Duncan MacRae 
The Urban Institute 

The traditional classlca] analysis of wages and employment is in terms 
of the demand and supply of labor. Since botli firms' demand and households' 
supply is a function of the market vage rate, employment and vages .are then 
determined in static equilibrium by the equality of supply and demand. In 
this equilibrium analysis either there is no role for unemployment, or it is 
explained as the result of disequilibrium in which supply exceeds demand. 

The modern explanation of the wage and employment dynamics-sunder lying 
the Phillips relation, however, is based on job sex^rch and labor turnover 
behavior. The change in Wage rates is determined by the balance between 
wage offers and reservation wages whicli are assumed to be functions of job 
vacancy and unemployment rates. Given the turnover rate, the change in 
employment is then the result of unemployed people matching with vacant jobs. 
For alternative levels of job stock and labor force, these two dynamic re- 
lations imply a Phillips relation between I'jage change and the unemployment 
rate, where the job stock and labor force are determined by demand and supply. 
But when the supply and demand for labor are equal, the level of employment 
is less than that desired by both households and firms. 

The purpose of this paper is to develop a model of the' labor market which 
integrates the classical theory of supply and demand with the modern theory of 
job sear^h-and-labor turnover. In the classical tradition, the levels of 
employment desired by firms and houseliolds are determined by wages, output, 

and population* Therefore, in e^quilibrium, when demand, supply, and hence 

\ 

employment, are equal, wages and employment are determined in the traditional 
manner. When employment and demand"^ arc not equal, however, firms are assumed 
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to adjust their search effort as measured by vacant jobs. For example, if 
desired employment by firms is greater thaia actual employment, then firms 
increase the number of vacancies to hire more people. Similarly, if actual 
employment and labor supply are not equal, households alter their job search 
as represented by the level of unemployment. In the modern tradition, wage 

"and'el^rroyment ^y^^^^^ 

Therefore, the levels of unemployment and vacancies necessary to maintain 
supply-demand equilibrium are determined by search- turnover behavior. Job 
stock and labor force then follow, by definition, from job vacancies, employ- 
ment, and unemployment. 

The paper begins with a complete statement of the labor market model. 
A comparative statics analysis of the effects of output and population changes 
is presented. An analysis of the labor market in a state of steady growth 
is then performed. Finally, dynamic disequilibrium behavior in the market is 
examined by determining the conditions under which the model is stable. 

I. LABOR MARKET MODEL 

' In this section a model of the labor market is presented. This model . 
explains wages, employment, job vacancies, unemployment, hence, job stock and 
labor force by integratinfr-fhe classical theory of suppljr and demand with the 
modern concepts of job search and labor turnover. 

As in the classical analysis of wage and employment determination, the 
desired demand D, for labor is determined by the real wage, W, and the level 
of output, Q. 

(1.1) D = d{W,Q}, 
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where the form of (1.1) is derived from the theory of the firm. The lower 
is W and the higher is Q, then the higher is D. 

If the level of employment desired by firms is not equal to the actual 
level of employment, then firms are assumed to adjust their level of job 
.vacancies, V, according to 



tl-t) dlnVyd^--v4l>/4B}i 



where dlnV/dt is the proportionate rate of change in vacancies. If D exceeds 

E so that firms desire to employ more people than th^y are currently employing, 

then they increase their search effort as represented by the number of job 

openings (V) in their personnel offices. If ^Irras would like to employ less 

people, then they decrease the number of job slots which are authorized but 

not filled. Note that they do not adjust employment directly; they only ^affect 

3 

it indirectly by adjusting vacancies. In the first case they increase the 
probability of some person finding one of their jobs. In the second case they 
al;low normal labor turnover to decrease their level of employment. Note also 
that firms are indifferent to the level of vacancies (V); they are only con- 
cerned about the relation between their desired level of employment (D) and 

4 ^ 

the actual level of employment (E) . Maintaining vacant jobs Is only a means 

by-vhich they attempt to maiiif.ain equality between D and E. 

In general the level of employment desired by firms Is not observable, 
but it is a function of wages and output, which are observable. Therefore, 
we can substitute the labor demand relation (1.1) into the vacancy change 

0 

equation (1.2) to obtain vacancy dynamics as a function of wages, output, and 
employment: 
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(1.3) dlnV/dt » v{d{W,Q}/E). 

For a given level of output the relation between dlnV/dt, W, and E can be seen 
in Figure 1. The locus of all (E.W) points for which dlr^V/dt is zero is nothing 
but the classical demand curve. These are the combinations of employment and 



' wage tor v^<:^'l)^r"so~that~vacancies a"relielther~increased nor decreased. All 
points below, this curve, therefore, are cases in which D>E so that firms in- 
crease vacancies. Similarly, for all employment-wage combinations above the 
curve, vacancies are decreasing. Loci of constant vacancy change are thus' 

' similar in shape to the classical demand curve. The same dlnV/dt would be 
generated either by low E and high W, hence low D, or by high E and low W, hence 
high D. 

By definition the stock -of jobs, J, is the sum of jobs which are filled 
(E) and jobs which are not filled CV) : - , 

(1.4) J - E + V. 

Therefore, the job stock is determined both by employment, which firms cannot 
control directly, and by vacancies, which firms do control. If vacancies do 
not cha^igfe, J will reflect employment behavior; however, if employment does not 
change, it will reflect vacancy behavior. Thus job stock behavior is a by- 
product of employment and vacancy dynamics instead of being a determinant of 
these dynamics. , 

Just as in the classical model the demand for labor is a function of the 
real wage and output so also is the desired supply of labor, S, a function of 
the real wage and the level of population, P: 
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(1.5). S = s{W,P}, 

where the form of (1.5) is determined by the theory of the household.^ In 
generiil. the "higher are W and P, tj»en the higher is S. If a normal income 
" efl^^Td^SiiJirt^Th^'^biti^TOne^^ labor-supply-i*- 
backward-bending, then an increase in the wage can actually decrease labor 
'lupply. 

If families find that their current level of employment (E) does not match 
their desired level of employment (S), then they alter their search behavior 
as represented by the level of unemployment, U: . • 

(1.6) dInU/dt - u{S/E}, 

where dInU/dt is the proportionate rate of change in U, If S exceeds E, re- 
presenting the fact that people would like to work more than they are <:urrently 
working, then they enter into search for additional work. The higher is the 
number of people searching for jobs who do not have jobs, the higher is the . 
level of unemployment. If they would like to work less than they are working, 
then they retire from the search, which was necessary, to maintain their level 
of employment. The' lower is the number of people searching for jobs, the 
lower is unemployment. Therefore, just as firms control only their job vacan- 
cies, so also households ^trol only their unemployment by" deciding whether 
or not to search for a job: to increase employment, they increase search 
effort; to maintain employment, they maintain the level of search; and they 
reduce their employment by retiring from the search for a job. 

Just as we substituted the labor demand relation into the vacancy change 
equation, we can now substitute the labor supply relation (1.5) into the un- 
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enq>loyment change equation (1.6) to obtain an observable relation between 
unemplo^Bient dynamics, wages, population, and employment: 

(1.7) ^ dlnU/dt = u{s{W,P}/E}, 

This relation is described in Figure 1 for a given level of population. In- 
deed the classical supply curve is the setT of employment-wage combinations 
for which dlnU/dt « 0, Therefore, for all points to the right of the supply 
curve, unemployment is decreasing, and for all points to the left of the curve, 
unemployment is increasing. Again as in the case of vacancy dynamics, the 
loci of (E,W) points for which dInU/dt is constant are similar in shape to 
the supply curve. A given rate of change in U can be maintained either with 
low employment and low wage, hence low supply or with high employment and high 
wage, hence high supply. 

Labor force, L, is of course, the sum of people who have jobs (E) and 
people who do not but are looking for jobs (U) : 

(1.8) L E + U 

' , It is the result rather than the determinant of employment dynamics and un- 
employment dynamics.^ Moreover, labor force behavior is uniquely determined 
neither by employment behavior nor by unemployment behavior.^ An increase in 
labor force can be accompanied by a decrease in employment if unemployment in- 
creases. Similarly, a decrease in L can occur when U increases if E decreases. 
What happens to labor force will all depend on the relative magnitude of the 
two dynamics. 

As we have seen, neither firms nor households alone determine employment 
dynamics. Rather they are determined by the process of job search and labor 
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turnover. By definition the proportionate rate of change in employment, dlnE/dt , 
is equal to the difference between the accessions rate, A/E, and the turnbver 
rate, T/E: 



(1.9) 



dlnE/dt - A/E - T/E, 



whereVconsists of new hires and 'other accessions and T encompasses quits, 
dismissals and other separations. 

Accessions are the result of vacant jobs finding unemployed people and 
vice-versa. Thus the accession rate is a function of the miemployment rate, 
U/E, and the vacancy rate, V/E, with employment as the. base: 



(1.10) 



A/E - a{U/E, V/E). 



For a given rate of search by firms as measured by V/E, the higher is the rate 
of search by households, as measured by IT/E. the higher will be the accessions 
rate. Similarly for given U/E, the higher is V/E, then the higher will be 
A/E. 

Turnover is also a function of the unemployment rate and the vacancy rate: 



(1.11) 



T/E « t{U/E, V/E}. 



The tighter is the labor fSTrltet as measured by the vacancy-unemployment ratio, 
V/U, the higher will be the probability of an unemployed person finding a 
vacant job but the lower will be the probability of a vacant job finding an 
unemployed person. Therefore, members of households will be more likely to 
quit to find better jobs and managers of firms will be less likely to dismiss 
someone to find better employees. 
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Since both accessions and turnover arc functions-of the unemplcyment and 
vacancy rates, we can substitute (1»10) and (1#11) into (1.9) and rewrite it as 

(1.12) dlnE/dt « e{U/E. V/E), 

where the function e Is the difference" berween the functions a- and -t-» — The-re- 
latlon between dlnE/dt, U/E, and V/E is illustrated in Figure 2. It depicts 

o 

the balant:e between the accessions rate and the turnover rate. In general, the 
effect of vacancies and unemployinertt on the turnover rate will tend to canci-.l 
out, since quits increase as dismissals decrease, and vice-versa. Their effect 
on accessions, however, will be multiplicative. Therefore, a given dlnE/dt 
can^be maintained with either a high U/S and low V/E or vice^versa. The higher 
are both the vacancy* rate and the unemployment rate, the higher will be the 
algebraic difference between accessions and separations. But there is one 
locus of (V/E,U/E)-T)oints for which they cancel out so that dlnE/dt « 0.' For 
all points to the right of this curve employment is increasing; for all points 
to the left, E la decreasing. 

It should be noted that while the vacancy and unemployment v-ates have been 
expressed with employment as a base, there is a one-to-one correspondence be- 
tween U/E and. the traditional measure U/L. This can be seen from: 

(1.13) U/L « (U/E)7[rV (U/E)]. 

The higher is U/E, then the higher is U/L and vice--versa. Similarly the common 
measure of the vacancy rate: 

(I.IA) V/J « (V/E) /[I + (V/E)l. 

Therefore, there is also a direct relation between V/E and V/J. 
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Just as neither firms nor households' alone determine employment so also 
does neither alone determine wages. They. are, instead, determined competitively 
in the process of job search and labor turnover. The more employed people there 
are searching for jobs, in general, the longer it will take th^m to find jobs 
and the lower will become the'ir reservation wage. Similarly, the more vacant 
jobs there are looking for people. to, fill them, the longer it will take for 
these jobs to be filled, and, hence, the higher will become the wages offered 
for these jobs. Therefore, the rate 'of wage change is deterrsined by the balance 
between the vacancy rate and the unemployment rate: 

o 

(1.15) dlnW/dt = w{V/E, U/E}, 

where dInW/dt is the proportionate rate of change iii Lhe market wage.^ 

The wage dynamics relation is depicted in Figure 2. It describes the 
balance between increasing wage offers and decreasing reservation wages. The 
higher is the vacancy rate relative to the unemployment rate, the higher is 
the pressure on wages to increase, the lower is the V/U ratio, then the lower 
is the pressure. In general, there will be a locus of (U/E,V/E) points for 
which the pressures on wages balance out so that dInW/dt = 0. Above this curve, 
wages are increasing, below it they are decreasing. Note, however, that this 
curve does not necessariljTpd'f respond to equality between the vacancy and un- 
employment rates. These rates are only proxies for the durations of search by 
firms and households. How the: dura^tions are translated into movements in wage 
offers, reservation wages, and hence, real wages depends on the particular 
participants in the labor market. A low V/U ratio could be associated with 
either increasing or decreasing wages. Nevertheless, we do know that the lower 
is V/U the lower will be the increase, be it positive or negative. 
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The model Is now complete. Given the evolution of output (Q) and popu- 
lation (P) over time and the initial levels of vacancies (V), unemployment 
(U), employment (E) . and wages (W) , then the evolution of V, U. E, and W is 
determined by (1.3). (1.7). (1.12). and (1.15). Job stock (J) and labor force 
(L) are then by-products of (1.4) and (1.8). 

II. COMPARATIVE STATICS 

in this section the labor market model is solved in static equilibrium. 
The effects of marginal cnanges in output and population on the equilibrium 
values of wages'." employment, unemployment, vacancies, labor force, and job 
stock are then determined. 

In equilibrium the actual level of employment (E) is equal to both the 
level desired by firms (D) and the level desired by households (S). There- 
fore firms have no motivation to alter their number of vacancies (V). Simi- 
larly, households see no reason to vary their level of search, as represented 
by the level of unemployment (U). Employment and wages are tlius determined 
as in the classical analysis by the equality of demand and supply. This can 
be seen algebraically by noting that dlnv/dt = 0 in (1.3) and dlnU/dt = 0 in^ 
(1.7) together yield a relation between equilibriuiii employment. E. and wage 
W.~given by 

(21) d{W,Q} - E = 0 

and 

(2.2) s{W,P} - E - 0. 

-The determination of E and W is illustrated in Figure 1. The locus of 
e«ploy,nent-wage combinations corresponding to no vacancy .hange is the demand 
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curve, while the locus corresponding to no unemployment cliange Is the supply 
curve* Thus wages and employment are deteri^ined in equilibrium solely by 
the intersection of demand and supply. Job search and labor turnover play 
no role in their determination. Hence, equilfbrium employment and wages are 
nor influenced by vacancies and unemployment. Only a change in* output (Q) 
or population (P) will alter E and W. 

EquaJ^ity of demand and supply does not mean that there are no vacant jobs 
or that there are ho unemployed people. Rather because of labor turnover,- 
there is a Aevel of job search, hence, vacancies and unen^loyment that is 
necessary to maintain equilibrium employment and wages. If both V and U are 
too low, then E will decrease as separations exceed accessions so that the 
actual level of employment will be less than the level desired by both firms 
and households. If vacancies and uneTiployment are too high, however, then 
eii?)loyment will exceed both demand and supply. Alternatively, if V is too 
high relative to U, then competition by firms will drive wages up so that the 
level of employment desired by households exceeds actual employment'*but the 
level desired by- firms is l^ss than E. If unemployment is too high relative 
to vacancies, however, then competition by households will drive wages down 
80 that E is less than S but. D is greater than E. Thus, there is an equili- 
brium level of vacancies, "V; "And unemployment, U, that is required to maintain 
E and W> - 

To see how equilibrium vacancies and unemployment are determined let us ^ 
turn our attention now to employment and wage dynamics. As can readily be 
seep from (1.12) and (1.15) the vacancy rate in equilibrium, V/E, and the 
€iH)loyoent rate, uTe, are determined solely by search-turnover behavior. When 
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employment and wages are constant, as chey are in static equilibrium, then 
vacancy and unemployment rates are given implicitly by 

(2.3) efuTI, v7e} = 0 

and 

(2. A) • wfvTi, uTe) = 0. 

-The-determination-of vTe and uTi Is portrayed in Figure 2. They are 

given by the intersection of the locus of (U/E, V/E) points for which dlnE/dt = 0 
with the locus for whit^h dlnW/dt » 0. For a given labor market tightness as 
measured by the vacancy-unemployment ratio, the greater is the tendency for 
employers to lay c>tf or for employees to quit, the higher will be the equili- 
brium vacancy ai/d unemploymen/ rates; the more efficient, however, is the 
process by which vacant jo^e match with unemployed people, then the lower 
will be these rates. Again for a given V-U ratio, the more reluctant are firms 
to increase' their wage offers, the higher will be V/E and the lower will be 
uTE; the more reluctant arc households to decrease their reservatiou wages, 
however, then the lower will be the equilibrium vacancy rate and the higher 
will be the unen^loyment rate. 

Once vTe and U/E are given the determination of V and U follows immediately 
since E is already determined* by supply and demand. The higher is E, then the 
higher will be V and Similarly, from (1.4) and (1-8) it follows that the 
higher are equilibrium vacancies and unemployment, the higher will be equili-- 
brium job stock, J, and labor force, L. Thus, in static equilibrium there is 
a dichotomy between wages and employment on the one nand and vacancy and un- 
employment rates* on the other hand. The former are determined by supply 
and demand; the latter are given by job search and labor turnover- 

5 ^ .7 
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The equilibrium dichotomy is made particularly apparent when wc consider 
,th3 effects of output and population changes on labor market equilibrium. 
Thld can be done by differentiating (2.1) and (2.2) logarithmically and re- 
arranging terms to obtalr* " 

(2.5) _ dlnE = lOy/ (a^-6„) ] dlnQ + [-6-^/ (a„-6^j) ] dlnP ^ 
and 

(2.6) dlnW = [6Q/(a„-6„)ldlnQ - lOp/ (0^-6^) ) dinP, 

where 6„(a„) is the wage elasticity of demand (supply), 6q is the output 

WW . ■" ^ 

elasticity of demand, and is the population elasticity of supply. In 

general, 6y<0 and ay>0, but can be negative if supply is backwatd-ocnding. 

Both 6 >0 and a >0, and in the case of constant returns to scale in production 
W P 

and households responding on a per capita basis, ^(^"O^'^l. Thus, as in the 
classical analysis, the effects of proportionate changes in output (dlogQ) 
and population (dlogP) on wages and employment depend only on the wage, output 
and population elasticities of demand and supply. Th4 "natural" vacancy and 
unemployment rates are unaffected by these changes. The only effect is to 
alter E, hence, V and U in the same proportion. 

While output and population changes will not affect the unemployment 
rate in equilibrium, theynsnil affect the labor force participation rate. L/P. 
Since both E and U change proportionately it follows from (1.8) that equili- 
brium labor force, L, will change in like proportion. Thus, output changes 
will generate a direct relation in equilibrium between employment and the 
labor force participation rate. The higher is E, then the higher will be 
lTp.- This relation fellows tautologically from the fact that there is an 
equilibrium natural rate of unemployment; it does not depend on a "discouraged 
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worker" hypothesis. If changes in labor demand do not affect the equilibrium 
unemployraent rate, then labor force participation must necessarily rise and 

fall wi'th chauge^ in labor demand. Of course, if changes in employment are 

. / ' ' 

brougliC about by changes in population, the relation between E and L/P will 
be modified. Nevertheless, unless labor supply is population elastic, employ- 
ment and the labor force participation rate will move together.. Finally, it 
should be noted that in eqiiilibrium there is no relation between the unemploy- 
went rate and the labor force participation rate, A shift in demand or supply 
will not influence the natural rate of unemployment, <^ 

III. THE STEADY STATE 

In this section the character of a labor market growing at a constant 
rate is examined. In particular the effects of changes in the rate of growth 
of output and population on steady stati» values are analyzed. 

In general the market is not in equilibrium. Growth in aggregate demand - 
increases labor demand so that employment is leas than that desired by firms* 
Similarly, population growth increases labor supply so that employment is also 
less than that desired by households. Both firms and households then increase 
vacancies and unemployment so that employment also grows. 

A case of disequilibriisgL which is of particular interest is a state of 

steady growth. This is a state in which vacancies, unemployment , employment , 
hence job stock and labor force, all grow at the same proportionate rate. 
Differentiating (1.1) logarithmically with respect to time we obtain the 
proportionate rate of growth in labor demand: 

(3.1) dlnD/dt « 6„dlnW/dt + 5^dlnQ/dt. 
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Similarly, the rate of growth in labor supply is obtained from (l.'^): 
(3-2) dlnS/dt = a^dluW/dt + OpdlnP/dt- 

Since dlnl)/dt « dlnS/dt «= dlnE/dt, it then follows that employment and wage 
change are simultaneously determined from (3,1) and (3,2) by the rates of growth 
lA output and population: 

(3,3) dlnE/dt = dlnP/dt + (0^/(0^-6^)) (dlnQ/dt-dlnP/dt) 

and 

(3c4) dlnW/dt = (6 diuQ/dt-a dJnPVJi)/(a -6.,). 

- ^ V{ 1 'XT W W 

Thus, just as in the classical analysis, the higher is the rate of growth of 
population the higher (lower) will be employment (wage) growth and the higher Is 
output growth, the higher will be both employment and wage change. In contrast 
to the classical model, however, this is a state of steady disequilibrium rather 
_ than static equilibrium. 

Once the rates of growth in employr.cnt dud wages ar<* determined by supply 
«nd demand, the vacancy and unemployment rates are determined so as to maintain 
this growth. From (1.12) and (1.15) we see that they are simultaneously de- 
termined by employment and wage dynamics: 

(3.5) e{U/E,V/E} = dlnE/dt 

arid" — 

(3.6) w{V/E,U/E} = dInW/dt, 

where dlnE/dt and dInW/dt are given by (3.3) and (3.4). In contrast to Okun's 
9 

Rule, which relates the ^unemployment rate to the percentage gap between actual 
and potential output, (3.3)-(3.6) imply that U/E is constant as long as dlnQ/dt 
and dlnP/dt are constant. The rates of growth of actual and potential oucput 
need not Be Identical for the unemployment rate not to change. 
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As can be seen in Figure 2, thq, higher is employment growth the higher 
must be vacancy and unemploym^t rates to maintain this growth; the higher is 
the rate of change of wdges, however, the higher will be the vacancy rate (V/E) 
relative to the unemployment rate» Thus, it follows unambiguously from (3,3)- 

(3.6) that an increase in output growth will increase the vacancy rate and that 
an increase in population grwth wlll^jlncreaseuthe-^nemp^^ It is 
not immediately apparent, however, what will be the effect, in particular, 

of output on unen^jloyment , since the increase in employment requires a. greater 
unemployment rate, while the Increase in wages is assoclal^ed.with a lower rate* 

To explore further the effects of output and population growth on steady 
state unemployment and vacancy rates, we must make some assumptions regarding 
the particular forms of employment and' wage dynamics ♦ In particular it is 
assumed that e{U/E,V/E} is of the form % 

(3.7) dlnE/dt « l/2Bln{(U/E)(V/E)} + e, 

where 3>0 and e>0 measure the efficiency of search and the 

turnover rate* Correspondingly, it is assumed that w{ (V/E)/(U/E) } is of the 

z 

form 

(3.8) dlnW/dt «= l/2aln{(V/E)/(U/E)} + Y, 

— — ^: - ^ > • 

where a>0 and Y>0 measure the relative willingness of firms and households to 

alter wage offers and reservation wages in response to a given level of tight- 
ness in the labor market. 

It is now possible by equating (3.3) with (3.7) and (3 •A) with (3.8) to 
obtain the steady-state vacancy and unemployment rates as a function of out- 
put and population growth: 
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(3.9) 



rln{V/E} = [((6p/a) + (ayB))dlnQ/dt 

- ((Op/a) - (-6yB))dlnP/dt]/(o„-y 



+ K-e/B) - (y/«)1 



aad 
(3.10) 



ln{U/E}-= [l-((6Q/a) - (oyB))dlnQ/dt 

+ ((Op/a) + (-6y3))dlnP/dt]/(o^-6^) 



+ K-e/B) + (Y/a)]. 

From the first term in (3.10) we can see that a change in output growth will 
•Aot affect the unemployment rate if and only if a^a-O^/g. Only if .the 
increase in demand brought about by the increase in output (6^) relative to 
the willingness of firms to increase wage offers and households to reduce 
reservation wages (a) is equal to the increase in supply brought about by the 
output-induced wage increase (o^) relative to the efficiency of job search (B), 
will there be a steady-state natural unemployment rate. Otherwise, an output 
increase will affect the steady-state U/E. In fact, if 0^/^>6^/ct, an 
increase in the rate of growth of output will actually increase the unemploy- 
inent rate, since more people are drawn into the labor force by the output 
increase than are employed by it. What will happen is an empirical matter 
that can differ from one labor market to another. 

Since the rate of output growth affects the rate of wage change and the 
unemployment rate if fi^/a ^ o^B, thkre is an underlying basis for a 



relation between dlnW/dt and U/E. This relation is derived by solving for 
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for dliiQ/dt in (3.10) and substituting the result into (3. A) to obtain: 
(3.11) dlnW/dt - ll/((6Q/a) - (o^B)) ] I-in{U/E) 

( (1/3) ( Vp"*W*Q^ ' (a„-6„)) dlnP/dt 
-<-<-&/3) + <y/«)<%--V^ 



+ 



Therefore, ±f 6 /a > 0 there is a trade off between wage change and the 
unemployment rate in the steady state. As is evident from the second term 
In (3.11), however, the higher is population growth (dlnP/dt) the worse will 
be the trade off. Moreover, if fi^/a " 0^/3. there will be no trade off, only 
a natural unemployment rate given by (3.10). In fact if < 0^/3, then 

the labor market will exhibit both higher rates of wage increase and higher 
rates of unemployment as the rate of growth of output increases. 

Now let us turn briefly to steady-state labor force participation be- 
havior. Since employment „and unemployment are both growing at the same rate, 
labor force is also growing at this rate. Then by definition the proportionate 
rate of change in L/P is given by 

(3.12) ' dln{L/P}/dt - dlnE/dt - dInP/dt. 

Therefore, changes in dln^t_ caused by changes in output growth will be 
directly associated with changes in dln{L/P}/dt. The participation rate (L'/P) 
can, however, ie going down when employment is increasing. As can be seen 
from (3.12), whether L/P is increasing or not depends on whether output growth 
exceeds population growth or not. Finally, while there is no relation be- 
tween labor force participation and the unemployment rate in static equili- 
brium, there is one between dln{L/P}/dt and U/E if ^^/a * a„/3- I" particular 

^33 
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if there is a Phillips relation in the market, there is also an inverse re- 
lation between the unemployment rate and the rate of change in the labor 
force participation rate. Again, this relation does not depend on the dis- 
couraged worker hypothesis. Rather, ic ic the result of output increases 
yielding both higher employment gtowth and a lower unemployment rate. 

IV. DISEQUILIBRIUM DYNAMICS 

In this section, non-steady state labor market behavior is considered. 
7n particular, the effects of alternative values of market parameters on the ^ 
stability of the market is analyzed. 

Thus far, we have concentrated attention on the behavior of the labor 
market in static equilibrium or in the steady state. For this analysis to 
be relevant, however, requires that the system be stable. Exogenous changes 
in output and population are always occurring so that the market is rarely 
exaccly in a state of equilibrium or steady growth. But if the market is 
stable, so that vacancies, unemployment, employment, and wages tend to return 
to their equilibrium or steady state values, thon the preceding analysis will 
be approximately correct even in a world of non-steady state behavior. Of 
course, the accuracy of the approximation will depend on the magnitude and 
frequency of the exogenous" cfianges as well as the speed of response of the 
system, which is, again, an empirical matter. 

To determine whether the labor market is stable requires that assumptions 
be made about the particular forms of tlxe dynamic relations. Explicit 
assumptions have already been made regarding employment and wage dynamics in 
(3.7) "and (3.8). Implicit assumptions of constant wage, output, and popula- 
tion elasticity demand and supply relations have also been made In (3.1) and 

^3^ 
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(3.2). Therefore, only vacancy and unemployment dynamics remain to be speci- 

» 

fled. 

To inaintain the log-linear character of the model, vacancy dynamics are 
assumed to be given by 

(4.1) • dlnV/dt = Vln{D/E}, 

where V > 0 measures the speed of vacancy response by firms to differences be- 
tween their desired employment (D) and actual' employment (E). Therefore, 
substituting the demand relation 

(4.2) InD = 6o + + V"^' 
into (A.l) we obtain 

(A. 3) dInV/dt - v6o + v6^nW + vfi^lnQ - VlnE. 

Similarly, unemployment dynamics are described by 
(4. A) dlnU/dt » yln{S/E}, 

Where y > 0 measures the speed of unemployment response by households to 
differences bewcen S and E. Again substituting the supply relation 

(4.5) InS «= Oo + O^lnM + OplnP, 

into (A. 4) we get 

(A. 6) dinu/dt = yao + yaylnW\+ yOpltiP ylnE. ^ 

\ 

Thus the model of the labor market is completely characterized by (3.7), C3.8) 

(4*3) and. (A. 6). The parameters of the mo\lel are 6o»:*w* ^Q* ^W* ^P' 
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e, e, a, and'Y; the time paths of Q and P are assumed to be given exogcncusly 

as are the initial values of vacancies, unemployment, employment and wages • 

Ob 

Since the model is linear in the logarithms of U, V, E, and W, the sta- 
bility of the system can be readily analyzed by determining' the cons 
for which the eigenvalues of the system all havejiegat-i^^e^eal roots. " The 
eigenvalues are the roots to the fourth-order Equation' 



(A. 7) 



|A-Xi1 « X** + aiX' + a2X^ + asX** + ai, - 0, 



where the system is described by 



(A. 8) 



dx/dt <= Ax + Cz, 



with X ^ [InU, InV, InE, InW], z " [1, InQ, InP], 



(4.9) 



and 



(A. 10) 
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The Routh-Hurwitz criteria^ for the stability of (4.8) are ai>0, a^>0, 
aia2-a3>0, and a3(a,a2-a3)-a?a^>0, where evaluating (4.7): 
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3.24 



(4.12) . " ai - l/23(vfy) + l/2a(May+v(-6y)), 

(4.13) , aa - l/2a3(ua^+v(-6^))» 

Old > 

(4.14) ' a., « l/2a3vu(ay+(-6^j)). 

The first three criteria are readily verified. and the last one reducas to 

(4.15) ' v\ - ^\ - ^^VV ^ °* 

Therefore, the stability depends only on the speeds of vacancy and unemployment 
response and the wage elasticities^ of demand and supply. By setting the left- 
hand 'Side of (4.15) equal to zero, we- can determine the ranges of stability 
for these parameters. TUe two solutions to this equation are V=U and 

v=(a^j/(-6„))y. 

The stability ranges are thus illustrated in Figures 3 and 4, corresponding 
to whether or not the supply elasticity is greater or less than the demand 
elasticity in absolute value. 'The ranges of instability are denoted by the 
hatched areas. From these figures we can see that if the system is not to 
generate explosive oscillations, the speeds of vacancy and unemployment response 
must -be different. EitheiT-f ftms must be slow in their response to demand- 
employment differentials, and households fast, or vice-versa. In particular, 
if labor supply is wage inelastic %=0) , then firms must adjust their level 
• of search (V) more quickly than households adjust their level (U) to compen- 
sate for households' lack of response to wage changes in determining their 
desired level of eniployment (S). The less is th«-. difference -between the demand 
and supply elasticities, however, the closer can v and ]x be without the system 
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being unstable. In particular, if 0„ » then the market is stable as long 

as Wu- 

V. CONCLUSIONS 

A dynamic disequilibrium model of the labor market has been presented and 
analyzed in this paper. ' This model Integrates the classical theory of supply 
and demand with the modem theory of job search and labor turnover. It differs 
from traditional time-series labor market models In that firms are assumed to 
adjust vacancies rather than employment and households are assumed to adjust 
unemployment rather than labor forcp. It differs from cross-section models 
in that unemployment is not ignored or explained as the result solely of dis- 
equilibrium. 

In equilibrium the model Implies that there is a dichotomy between the 
determination of wages and employment and the determination of vacancy and 
unemployment rates. The levels of wages and employment on the one hand are 
determined by the equality of supply and demand so that the levels of employ- • 
ment desired by households and by firms are both equal to the actual level of 
employment. Therefore, cross-section models based on the assumption of labor 
market equilibrium can be viewed as not being inconsistent but only being In- 
complete. They need not imply that there is no unemployment, but they certainly 
do not explain it. Vacancy and unemployment rates on the other hand are de- 
termined by search-turnover behavior. Thus, there is a natural rate of un- 
employment, which is unaffected by changes in labor demand. This in turn 
implies that an increase in employment brought about by an increase in demand 
mist be accompanied by an increase in the labor force participation rate. 
'Therefore, the fact that labor demand and labor participation move together - 
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.a fact which is conm«nly explained in terns of the discouraged worker phenomenon - 
is only a tautology given the existence of a natural rate of uneioplo>'ment. 

In a state of steady disequilibrium the growth in wages and in employment 
are still «fetermined by the growth in supply, and demand, but now vacancy and 
unemployment rates depend not only on search-turnover behavior, but also on 
labor demand and supply growth. The effect of output growth, in particular, 
on the unemployment rate depends on the balance between the increase in demand 
relative to the willingness of firms to increase wage offers and households to 
reduce reservation wages and the increase in supply brought about by output- 
Induced wage increase relative to the efficiency of job search. If the former 
effect exceeds the latter, there is a trade off between wage change and 
the unemployment rate. Moreover, there is also an inverse relation between the 
unemployment rate and the rate of change In tlie labor force participation rate, 
which does not depend on the discouraged worker hypothesis. If the opposite is 
true, then both wage increases and the unemployment rate can be decreased by 
a reduction in the rate of output growth. Only if the two effects of a: charge 
m output growth balance out. will there be a natural rate of unemployment. 
Which effect dominates is aa empirical matter, but we have seen that the relation 
between wages, output, and unemployment is stable as long as the rates at which 
firms and households adjus^^their rates of search are significantly different. 
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1. See Lipsey (1960, 197A) . 

2. While labor is treated as an aggregate in this analysis, demand can 
readily be disaggregated by industry and occupation. 

3. Traditional time-series employment models assume that firms can 
directly control employment. For example, see Nadiri and Rosen (1973). 

A. For an alternative job vacancy .theory, in which firms make a desired 
level of vacancies, see Holt and David (1966). 

5. Just as the demand for labor can readily be disaggregated, so can 
the supply of labor be disaggregated by demographic group and occupation. 
Moreover, the supply of labor can be made a function of not only the wage 
rate but other family income, with a distinction being made between primary 
and secondary labor supply. 

6. Traditional time-series models of the labor market equate labor force 
with labor supply and then treat unemployment as a residual. For example, see 
Black and Kelejian (1970). 

7. Price expectations are implicitly assumed to be justified but the 
analysis can readily be extended to include alternative forms of expectations 
behavior. See Phelps (1968) for a discussion of the role of expectations in 
wage dynamics. 

8* Traditional time-series labor force models assume the discouraged 
worker hypothesis to explain the relation between labor force participation 
and- labor demand. See, fot-eKanple Wachter (1974). . 

9. See Okun (1970), pp. 132-145. 

10. See Bellman (1960), pp. 244-245. 
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CATEGOiaCAL EARNINGS SUBSIDIES: M/URKET EFFECTS 
AND PROGRAM COSTS 

by Peter H. Greenston, C. Duncan MacRae and 
' ^ Dale P* Riordan 

Abstract 

The labor market effects and government budget costs of the Work 
Bonus Tax Credit proposed by the Senate Finance Committee' are 
analyzed using an econometric model of state labor markets 
(pp. 1, 1-1. 75). The earnings subsidy is analyzed by translating 
the program into a shift in the market labor supply of d mo- 
graphically eligible families. The effects of this shift on 
both eligible and ineligible families are -then simulated for 
1976 on a state-by-state basis* The solutions indicate that 
the potential for an earnings subsidy to be market neutral, 
in the sense that on net the supply of labor by the subsidlze4 
-orkers is neither increased or decreased, would be approxi- 
mately realized. The subsidy would neither dissipate the 
benefits of the subsidy through higher wages nor displace un- 
subsidized workers through lower wages. The implied costs of 
the program are in approximate accord with the projections 
based on static assumptions by the Senate Finance Committee. 
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CATEGORICAL EARNINGS SUBSIDIES: 
MARKET EFFECTS AND PROGRAM COSTS* 

by Peter M, Greens ton, C, Duncan MacRae, and Dale P. Riordan 

The Urban Institute 

A variety of labor subsidy programs have been proposed to deal with 
the problem of poverty* Foremost amongst them are negative income tax (NIT) 

plans. These combine an unearned income subsidy with an earnings tax so that a 

S 

family's initial transfer is completely taxed back when its earnings exceed some 
maximum. While an NIT does indeed transfer income to those with low levels 
of income, by increasing income and taxing earnings it creates an incentive 
to decrease hours supplied to the labor market. This decrease in labor 
supply of the subsidized group tends to push the market wage up, thus 
dissipating some of the benefits of the program to nonpar ticipants. 

s 

Wage rate subsidy plans have been proposed as an alternative way of 
increasing incomes of tb- working poor. By rewarding work effort they pro-- 
vide an incentive to increase hours supplied. This increased supply of labor, 
however, causes the market wage to fall, resulting in the displacement of 
unsubsidized by subsidized workers. Thus, a wage subsidy tends to displace 
the unsubsidizjeH workers, while an NIT tends to dissipate program benefits 
in terms of increased wage rates to the unsubsidized. 

Recently a numbu.r of earnings subsidies, which combine features of 
both an NIT and a wage rate subsidy, have been proposed. One of these is 
the Work Bonus Tax Credit proposed by the Senate Finance Committee. At low 
levels of earnings and income, an earnings subsidy is designed to operate 
like a wage subsidy, causing an increase in hours supplied. At higher levels 
of earnings am' income it is designed to tax l^ack the subsidy and thus 
resembles an NIT by causing a decrease in hours supplied. Since these 
rh:in«Gfi in market supply act in opposite directions, there is the potential 
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for an earnings subsidy to be market neutral, in the sense that on net the 
supply of labor by the subsidized workers is neither increased. or decreased. 
This subsidy would then neither dissipate the benefits of the subsidy nor 
displace unsubsidized workers. To determine if this potential is realized 
requires an analysis of labor supply of those who are deinographically eligible. 
However, if this potential is not fully realized, measuring the dissipation 
or displacement requires a market analysis that incorporates both supply and 
demand. An examination of the labor supply effects by themselves are not 
Sufficient. 

The purpose of this paper *is to analyze the market effects and program 
costs of the Work Bonus Tax Credit using an econometric model of state labor 
markets. The earnings subsidy is analyzed by translating the program into a 
shift in the market labor supply of families with dependent children, hereaftei; 
referred to as demographically eligible families. The effects of this shift 
in labor supply on both demographically eligible and demographically ineligible 
families is then analyzed on a state-by-state basis by solving the econometric 
model for equilibrium wages, hours and earnings in each state, first in the 
absence and then in the presence of the subsidy. 

We begin with a description of the earnings subsidy. By treating the program 
as a wage subsidy or tax combined with an unearned income subsidy we translate it 
into shifts in the labor supply of demographically eligible families. An econo- 
metric model of the state labor market, which has been designed to simulate the 
effects of a variety of human resource programs, is then briefly described. Using 
data from the 1970 Census Public Use Sample, wc project the market effects and 
calculate the costs of the proposed program for 1976. Finally, conclusions re^ _ ^ 
garding likely dissipation of benefits or displacement of unsubsidized workers are 
presented. 



■ I. WORK BOWJS TAX CREDIT 

The subsidy proposed by' the Senate Finance Conimil tee is an earnings 

2 

supplement for families with one or more dependent children. It is con- 
ceived as a reform to the payroll tax. Those families with earnings which 
are less than or equal to $A000 receive a 10 percent subsidy on family earn- 
ings, while those participating families whose income has exceeded $^000 pay 
a 25 percent tax ^ on the difference between their family income and $4000, 

The way in which the subsidy depends on both earned and unearned income 
can be seen by first noting that by definition, gross family income, G, is 
the sum of family earnings, E, and unearned income, Y^. When G is less than 
or equal to $4000, the subsidy is calculated according to 

(1) . S » .lOE, 

where S is the amount of the subsidy. In this first range, the family 

receives Che 10 percent subsidy and pays no tax. When G is greater than 

/ 

$4000, and E is less than or equal to $4000, the subsidy the family receives 
Is calculated by 

/ (2) S = .lOE - .25(G - 4000), 

In this second range, the family receives a 10 percent subsidy on earnings, 
but also pays the 25 percent tax on income above $4000, Finaiiy, in the 
third range when E is greater than $4000 and hence G is greater than $4000, 
the subsidy the family receives is determined by 

(3) S « 400 - ,25(G - 4000), 

The family no longer receives a 10 percent subsidy, although their earnings 
have generated a gross subsidy of $400, Since the family is subject tc a 25 
percent tax on income above $4000, the net subsidy received equals $400 less 
the tax paid, 

.Since participation in the program depends on both earnings and gross 



income, t:\e level of unearned income is important. Families will participate 
only if they receive a non-negative subsidy. In each range, therefore, . 
participation implies certain restrictions on the feasible combinations of E 
and y". In the first range, corresponding to (1), the family must have some 
earnings in order to participate. Since gross income must be less than $4000 
In the first range, y" must be less than or equal to (AOOO-E) . In the second 
range, corresponding to (2), we know that E is less than $4000 and G is greater 
than $4000. Moreover, a non-negative subsidy requires that Y must be less 
than or equal to (4000 - 0.6E) so that the maximum vdlue for y" can vary be- 
tween $1600 and $4000, depending on' the level of earnings. If y" were greater 
than $4000, the family would never receive a non-negative subsidy since they 
would be subject to the 25 percent tax before they received the 10 percent sub- 
sidy on their first dollar of earnings, and tlius would not participate. In the 
third range, corresponding to (3), we know that both E and G are greater than 
$4000. The non-negative subsidy requirement implies that y" must be less than 
or equal to (5600-E) so that the maximum value for y" can vary between zero 
and $1600,' depending on the level of earnings. As long as y" is less than or 
equal to $1600, the family is ineligible for the program when income exceeds 
$5600. If y" is greater than $1600, the family is ineligible before gross in- 
come reaches $5600. For these families, (3) is never used to calculate the 
subsidy because they are still receiving a 10 percent subsidy on their last 
dollar earned when they exit the program, an^thus never f^ace the 25 percent 
tax and also never achieve the maximum subsidy of $400. Accordingly, the exact 
program exit level for these families is.ClOOO - .10y")/.15, which can be 
derived from (2) by solving :or G when the subsidy equals zero. Therefore, 
when we analyze the labor supply effects of the program, we must distinguish 



4.5 



between families with unearned income less than $1600* and those with un- 
earned income greater* than $1600, but less than $4000, 

* The manner in which the subsidy (S) and hence net family income (Y) vary 
with earnings and unearned income is shown in Figure 1. Gr-^ss family income 
(G) is plotted on the horizontal axis and net family income which is the sum 
of G and S is plotted on the vertical axis. The line Y=G indicates the locus 
of zero subsidy points. The schedules illustrated correspond to different 
levels of unearned income (Y^)l In the first range G does not exceed $4000 - 
,and the nftt income schedules are given by the equation 

(4) Y = l.lOG - .lOY^. 

As unearned income increases, the schedule shifts down in r. parallel fashion. 
In the. second range the family .is receiving a 10 percent earnings subsidy while 
paying a tax on gross income exceeding $4000 ^ The net effect is to flatten 
out the net income schedules: , 

(5) * Y « .85G - .IOy'^ + 1000 

As can be seen, families with y'^ exceeding $1600 leave the program before gross 
Income rca^^hes $5600, while those with y'^ less than or equal -to $1600 and 
earnings exceeding $4000 enter the third rrnge portrayed by the evan flatter 
single schedule: 

(6) Y = .75G + 1400. 

The crossover occurs at that level of G whic)* equates (5) and (6) for a given 
level of Y^. When Y^ is exactly equal to $1600, the crossover and program 
*exit point are one and the same. 



Y"=0 



4000 



5600 



Figure 1 
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II. LABOR SUPPLY EFFECTS 

if 

Our method for sLnulating the Work Bonus T'-x Credit is to translate 
the program into a shift in the market labor supply of eligible families. 
In the absence of the tax credit program, families determine their labor 
supply by maximizing a family utility function of the form 

(7) U - u{Y,T^-hP,T^-H^}, I 

PS 

wlieLc y is equal to family income, T (T ) is the nunrber of available hours the 

PS * 
primary (secondary) worker has for work and leisure, and H (H ) is the 

number of hours worked by the primary (secondary) worker. Families maxi- 
mize (7) subject to a budget constraint, 

(8) y = w^H^ + w^H^ + y"", 

where (U^) is the primary (secondary) wr,ge rate. First order conditions . 
for utility maximization then yield the labor supfily functions of primary 
and secondary workers: 

(9a) rP = hP{wP, V^, y"}; ■ 

(9b) = h^W?, W^ y"}. 

These are also the appropriate supply functions for those families vho do 
not participate, either because they hwe no dependent children or because 
their earned-unearned income combination makes them ineligible. 

Families participating in the tax credit receive a net subsidy which 
changes their budget constraint (8). When, they are in the first range (1) 
so that E 1 G < AOOO, their net income is given by 

(10) . y - w^hP + wV + y^ f .i(w?hP + 

which can be rewritten as 

(11) Y = (I.IwP)hP + (I.IW^)H^ + y"^. 
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This corresponds to the family receiving a 10 percent wage rate subsidy, 
and incurring no tax. The labor supply functions now become: 

Cl2a) hP = hP{l.lwP, I.IW^, y"); 

Cl2b) " h^d.lwP, I.IW^, y"}. 

In the second range (2), E < $4000 < G, and family income is given by 
(13) ' Y = WV + WV + y" + .10(wPhP + W^tt^) 
- .25(wV + W^H^ + y" - 4000), 
which can be rewritten as 

CIA) Y » (.85wP)hP + (.85W^)H^ + y" 

+ .15(4000-y") - (-.10(4000-y")). 
Here we observe that the family is simultaneously receiving the 10 percent 
earnings subsidy and incurring the 25 percent tax on income exceeding $4000. 
On net, therefore, the family effectively Incurs a 15 percent wage rate tax, 
while receiving an income transfer equal to the amount of tax saved on earn- 
ings by not paying at the currerft marginal rate up to that point (.15 (4000-y")) , 
minus the tax actually paid up to that point (-.10(4000-y")) / The f^ily 
thus supplies labor as if it were subject to a 15 percent wage rate tax 
while receiving an income transfer of the amount (.25(AO00-y")) In this 
range, therefore, the labor supply functions are: 

C15a) hP -hP{.85wP, .85\>'^, y" + .25 (4000-y")} ; 

(15b) = h^{.85wP, .85W^, y" + .25(4000-y")}. 

In the third range (3), E > 4000 so that the family's net income is given 

(16) Y = WV + W^h'' + y" + 400 

- .25(wV + W^H^ + y" - 4000), 

which can be rewt xLten as 

(17) Y = (.75wP)hP + (.75W'')K-"' + y" 

+ .25(4000) - (.15y" + (-.10(4000-y"))). 
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Tlie family has received a gross subsidy of $400 and is paying tax at a 25 
per cent rate on every dollar of income over $4000. In effect, as Indicated 
by (17), the family is incurring a 25 percent wage rate tax and; receiving 
an income transfer of . 25 (5600-y") , composed of the amount of l:ax saved by 
not paying at the current marginal rate of 25 percent, .25(4000), minus the 
amount of tax actually paid, .15(4000 - (4000-y")) + (-. 1o'(4000-y")) . There- 
jfore, the labor supply functions are 

(18a) * h'* - h»'{.75wP, .75W^, y" + .25(5600-y")}; 
(18b) = h^{.75wP, .75W^, y" + .25f5600-Y")} . 

The family supplies hours of work as if it were subject to a 25 percent wage 
tax and an income transfer of ( . 25 (5600-y") ) . 

When family income is exactly $4000, i.e. at the boundary between the 
first and second ranges, there is a discontinuous change in the marginal 
subsidy rate from 0.10 percent to -0.15 percent so that primary and secondary 
labor supply cannot be separately determined from knowledge of the wage rates 
alone. At this point, however, we know that family hours must satisfy 

(19) wV + W^H^ = 4C00 - y". 

so that family hours expressed in primary hour equivalents is in fact deter- 
minant as a function of the primary wage: 

(20) + (W^/WP)II^ = (4000 - y")/wP. 

Another discontinuity oc urs when family earnings are exactly $4000; 
that is, at the boundary between the second and third ranges, the marginal 
subsidy. rate changes from -0.15 to -0.25 percent. Once again, we can solve 
for family hours expressed in primary hour equivalents, but cannot determine 
primary and secondary worker hours separately. 

Finally, at the program exit 1)oint, the marginal 'subsidy rate jumps 
discontinuou.«5ly from -0.25 to zero percent. Correspondingly, there will be 
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a level of earnings where the family will "jump" discontinuously from parti- 
cipating in the program at "low" earnings to not participating at "high" 
earnings. We can make a reasonable assumption and approximate the jumping 
point, but we cannot do better without knowledge of the utility function. 

For diagrammatic convenience, we illustrate the discussion with a 
single-worker family, such as a female-headed household with dependent 
children. Tn Figure 2. the pre-program budget constraint* is ABC, where AB 
represents the level of unearned income, and the slope of BC is the negative 
of the wage rate. We also assume that this worker's supply elasticity with 
respect to her wage rate is positive and with respect to other faiaily income 
is negative. 

Suppose that y" is less than $1600. With the program in operation, 
the individual faces a new budget constraint ABDEFC determined by the three 
ranges spelled out in (1), (2), and (3). On BD the worker" is receiving a 
10 percent earnings subsidy, the absolute value of the slope of BD being 
1.1 times the absolute value of the slope of BC. Thus, she supplies labor 
as if she were receiving a 10 percent wage subsidy. If the pre-program 
supply curve is SS' in Figure 3, receipt of the wage subsidy mo.es the indivi- 
dual up along her supply curve so that the supply curve seen by the market 
is shifted down as depicted by AD. - ^ 

The first program pivot point occurs at D in Figure 2. At this point, 
there are a variety of hours and wage rate combinations which produce income 
of exactly $4000, or earnings of exactly (4000 - y") . These combinations 
are depicted by DD in Figure 3, a constant earnings .curve of (4000 - Y ) 
so that labor supply "jogs" back as the wage increases. 

In Figure 2, segment DE portrays the range over which the worker 
simultaneously receives a 10 percent wage rate subsidy and incurs a 25 

1 s^r^ 
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percent tax on income exceeding $A0O0. As we have shown, this Is equiva- 
lent to h 15 percent wage rate tax, and an increase in unearned income of 
(•25('4000-Y^)), which is given by BG, The corresponding market supply curve 
is shown as DE in Figure 3, where the supply curve is shifted up and Lo the 
lef^ of SS'. It shifts up because of a lower wage rate and shifts left 
because of an increase in unearned income. 

The second jog occurs at E in ELgure 2 where the marginal subsidy rate 
changes from -0.15 to -0.25 percent. Once again, there are various combin- 
ations of wage rates and hours producing earnings of exactly $4000. These 
combinations are depicted by the constant earnings curve EE in Figure 3. 

On' segment EF in Figure 2, the individual no longer receives the earn- 
ings 'subsidy , since her earnings exceed $4000. In this range the maximum 
subsidy of $400 is being taxed back at a 25 percent rate on income. As 
we have sho\,m the individual behaves as if a 25 percent wage rate tax was 
in effect in conjunction with an income transfer of .25(5600-Y^) which is 
depicted by BlI. The corresponding supply curve segment is EF in Figure 3. 

In the neighborhcuvJ of F in Figv.ra the discontinuous jump occurs. 
At this point, the marginal tax rate jumps from +0.25 to zero percent and 
produces a non-convexity in the biidf^et line wiiich makes multiple optima of 
family utility possible. Thus it is difficult to determine the appropriate 
supply curve at a particular wage. This can be seen in Figure 3, where wage 
rates between and W2 are compatible with two supply curves, one on which 
individuals participate and one ca which tb^y do not. We resolve the ambiguity 
by introducing a ratio test. We first calculate hours supplied by the indi- 
vidual, and thus her earnings, E^, assuming she participates in the program. 
We do the same assuming she does not participate, denoting these earnings 
by E^. We then compare to see whether 



4.14 



(21) / (5600-y") I (r.f.OO-Y") / Y..^. 

IC the loCt-hanJ side of (21) is &roater than tlu- rl};ht, we assume sl.c 
reveals a preference not to participate in the program. This is because 
the wage rate she receives is closer to W2 than W^, and therefore it is 
more probable that she has already decided to jump out of the program. 
If the left-hand side is not greater, analagous reasoning holds for the 
individual to participate. Therefore, we have decided that the j.ump point 
W*. occurs at one-half the difference between and 
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III. STATU LABOR MARKET MODirL 

✓ 

In this section, we describe the salient features of the econometric 
labor market model with which we simulj^tc the earnings subsidy.^ The 
model describes the cu^^ply and demand for labor in a state, and has been 
estimated with data tabulated from the 1970 Census 1-in-lOOO Public Use 
Sample across 30 states and aggregates of states using an instrumental 
variabios method. 

Families in. each state labor i"'»rk( t iwc partitioned into eight 

mutiial]y exclusive and co^iplntely exhati.siive types based on the demographic 

and education characi eras t J cs of the head. Taking; I he variance in hourly 

wage rates as a meas.jiru of Uic varidnce In utilixed human capital, a one 

way, sequential analysis of variance al i:o ri uhm \/ai5 used to partition all 

primary workers in California according to theii' deroographic and education 

characteristics so that the resulting groupii display minimum intra-group 

7 

and maximum inter-group wage rate variation. The resulting structure of 
eight homogeneous groups wa.s applied to each state to define the human 
capital groups in which family heads have these characteristics: 

(i) Male and female, age 35 and over, college graduates or better 
(M/F-0-0) 

r 

(ii) Male and female, age 16-35, college graduates or better (M/F-Y-C) 

(iii) Male, age 36 and over, schooling less than 12 years (M-O-NH) 

(iv) Male, age 36 and over, high school graduate (M-O-II) 

(v) Male, age 36 and over, school3iig~~I3-- 15 years (M~0-SC) 

(vi) Male, ai^e 16-35, schooling 0-3 5 years (M-Y-NC) 

(vii) Female, age 36 and over, schooling 0-15 years (F-O-NC) 
(vifi) Female, age 16-35, schooling 0-15 years, (F-Y-NC) 
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Within each family a distinction is made between family heads (primary 
workers) and other members (secondary workers) so tliat in each state there* 
are eight groups of primary workers and eight groups of secondary workers 
(who have been grouped according to the characteristics of their head) • 

Representative primary and secondary workers are defined as the group 
average and used as observation units in each state labor market. The 
labor supply equations, which were derived from the traditional incomc'-leisure 
model, explain the number of hours per family offered by the average 
prJmary and secondary workers in each group. In our notation, i indexes 
the group and j indexes the state, so that, for example, U^^ is the sum of 
primary worker hours offered by all males (or females) in group i and 
state j. If the number of families is given by F^^, then the average 
number of hours per family is denoted by ^^ij/^ij- model has eight 

primary and eight secondary worker supply equations. However, the coeffi- 
cients in these equations are not all different. College graduate primary 
workers have the same set of coefficients, as do their secondary counter- 
parts. Secondary workers from male-headed family groups (iii-vi) ht:\c the 
same set, as do those from the f emale-lieaded family groups (vji-viii). The 
estimated equations arc reported in Table P and Table S with standard 
errors, where asterisks denote the significance of t tests at the 1 percent 
(***), 5 percent (**) , and 10 percent C'O levels. 

In the estimation, potential rather than actual wage rates were used, 

denoted by w'^ and W^, and discussed below, while family unearned income 
ij ij 

is denoted by Socio-demographi c and family composition variables 

were used to adjust for any preference differences in tastes for market 
work, home work, and leisure'. In the primary supply equation RACEP, AGEP, 
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SBXP, EDIIP, SPOUSE, DPENDP, and URpAN denote, respectively, the proportion 
of primary workers in that group i^ho are wliite, prime-age (22-54), male, 
high school graduates, domiciling with a spouse, responsible for dependents, 
and living in an urban area. In the secondary supply equations these 
variables arc proportions of the total number of secondary workers of a * 
given group • * / 

Backward-bcnding supply curves were obtained for both primary and 
secondary workers at rates ranging from $2,33 to $7.83 per "hour for "the 
former and from $2.76 to $3.27 per hour for the latter. The income term 
coefficients are negative in most of the equations, bat significantly 

different from zero in only two of them. 

< 

The market demand for labor is /met by labor supplies of various 
qualities. Consequently, the sum qf supplies forthcoming is expressed 
in LerAs of Uhci hours of the numeraire group (M-O-H) . If we let denote 
this market sum of equivalent-quality hours, then 

(22) = x(kP/kP)h?. + ^:(KP/KP)(^J/KP)U^, 

J i "^"^ i * i. 1 i J 

so -that the market sum of supplies is comprised of hours offered by each 
group weighted by a measiure of their relative (to the numeraire group) 
quality or productivity — denoted by K^/K^ and K^/K^ — and then summed. 
Primary hours of the i-th group are converted into numeraire hours by 
'^i^^A* while .secondary hout?>''are first converted into primary hours of the. 
same family type by K"^/K^ and then into numeraire hours. Since labor 
quality reflects' the underlying stock of utilized human capital, relative 

quality is then meafuirod by relative human capital a Locks. 

if 
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According to human capital theory the wage rate of an individual qr 
group of similar Individuals is the product of the market rate of return 
to human capital 'and the stock of utilized human capital possessed by 
^thnt Individual or group. An important implication i& that, in equilibrium, 

•4 

relative wage rates are equal to relative stocks of utilized human capital 
ami are independent of the particular labor market: 

A ■ ' . 

(23) . • I^J/kJ = (W?j/V«4j) 

o • 

and 

A 

(24) K^/kP = (WijA^j)- 

Tne model Assumes that there is a high correlation between demographic- 
education characteristics and utilized human capital so that relative human 
capital stocks can be estimated by regressing relative wages against 
variables representing the age-sex-education interactions. The primary and 
secondary relative wage estimates, and standard errors in parentheses, are 
given^by 

(25) log(wP./wP^.) = .3990^ -06902 - .ISSD^ + .1230^ - .2540^ 

" (.022) (.022) (.022) (.022) (.022) 

- .5530^ - .585Dg + .05ANS, 
(.022) (.022> (.015) 

= .91, S.E.E. = .11, NO.OSS. = Zio, 



and 



(26) log(W^j/wP.) = -.6170^ - .145D2 - .345D3 - .A58D^ - .5200^ 

(.035), (.035) (.035) (.035) (.035) 



- .1760^ + .0740^ - .037Dg - .046NS, 
(.035) (.035) (.037) (.023) 



2 

R' = .63, S.E.E. a .18, NO. DBS. = 237, 
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where the D's are variables representing the interactions and are listed 
in the §ame order as the family type codes defined above* The coefficients 
can be interpreted as t^te percentage deviation of the wage rate of the 
group in question from the wage rate of the numeraire group in the primary 
equation and from the corresponding primary wage rate in the secondary • 
equation when the absolute difference is not large. A South/non~South dumny 
variable (NS) was included and found to be significant In both the primary ? 
and secondary equations, indicating that primary relative wage rates are 
higher in the non-south states but that secondary relative wage rates 
are higher in the southern- states. 

For -primary workers relative wage rates are reasonably constant 
across labor markets — multiplicative standard errors are cill two percent. 

-KumaiT capital stocks (or wage rates) of secondary relative to primary 
workers displayed slightly more variability (3 to 4 percent standard errors) 
across s"5tes. These fitted wage rates were used as estimates of relative 
quality in the aggregation of hours of the 16 human capital groups in each 
market and in the construction of potential or expected wage rates — to which 
we now briefly turn. 

In the labor market model as specified supply and demand for labor 
determine the absolute level of the numeraire wage rate in each market, 
while relative wage rates are determined by relative stocks of human 

. capital. Accordingly, in equilibrium the representative primary worker 
is viewed as having expectations of a wage rate proportional to that of 
the numeraire group, the constant of proportionality being a measure of 
his (her) relative productivity: 

(27) " = (k;/kJ)wPj. 
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The lepresentativc secondary worker can expect to receive a wage rate^tv^^ 
proportional ta tliat of the numeraire group, the constants of proportionality 
relating the productivity of the secondary worker to the numeraire group 
worker via his (her) primary worker: 

C28) - (Ki/lC^)(Kj/Kj)KP^. 

As shown already, fitted relative wage rates are used to ineasure the human 
capital stock ratios. 

Turning to the demand side, the demand function was derived from a 
constant elasticity of substitution production function assuming constant 
returns to scale. It is the market demand for equivalent-quality hours 
p^r dollar of output in the state: 

(29) log(ll**/NOUT,) = 6.675*** - 1.049***logwP .013. NOUTI, 
J J (.20) (.13) (.13) 

and * 

r2 = .75, S.n.E. = .084 NO.OBS. « 30. 

The demand for equivalent-quality labor displays an elasticity of unity and 
is insignificantly greater in states where labor intensive activities are 
higher - NOUTI being the proportion of state output in manufacturing and 
construction. 

The simultaneous equation model of the labor market is composed of 
a demand equation Tor equivalent quality hours, primary and secondary 
worker relative wage and labor supply equations. Endogenous variables 
are primary and secondary hours and wage rates for 16 human capital groups 
defined by age, sex, and education characteristics. To predict with the 
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model, this nonlinear system of equations is solved using an iterative 
solution technique for a market equilibrium, in which demand and supply- 
are equal. 
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IV. MARKET EFFECTS AND PROGRAM COSTS 

To simulate the effects and costs of the Work Bonus Tax Credit we 
as5>unx^ that there arc no labor supply response differences between families 

♦ that are dcmographically eligible for the program and those that are 
not, so that in the absence of the program, primary r.nd secondary worker 

• hours are simply the sum of the offers of demo graphically eligible and demo- 
graphically ineligible workers. The total number of hours offered by 
demo'graphically eligible families o'f-^-type i is the product of the propor- 
tion of - type i families with dependent children and the number of families 
and the hours 'supplied per family. In the presence of the program, those 
deraographically eligible workers who are also financially eligible and who, 
therefore, do participate, behave as if their wage rate is subsidized or 
taxed and as if they are receiving an income transfer. 

The labor market model just described implicitly incorporates the 
existing federal/state/local tax and subsidy system. We also assume that 
the existing structure will not be altered by the tax credit so that the 
latter can be added onto the former. This is a reasonable assumption for 
low income people who pay little or no tax and who comprise the bulk of 

J participants. 

In the non-linear simultaneous equations model there are 32 supply 
equations: 8 family types and 2 classes of workers (primary and secondary) 
from demographically eligible and demo graphic ally ineligible families. 
Using an iterative technique to solve the model, equilibrium is achieved 
when the market demand for equivalent quality hours is just matched by 
the sum of supplies forthcoming from primary and secondary workers of 
demographically eligible and demographically ineligible families. The 
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solution jointly determines the absolute level of wages or numeraire group 
wate rate, and by construction using relative human capital stocks, the other 
wage rates* 

The parameters of the Work 3onus Tax Credit program are expressed in 

.1973 values. Accordingly, prior to simulation they are converted into 1969 

values (using the appropriate GNP deflators) to correspond in real terms to 

the scale of the econometric model parameters. The effects of the program 

have been simulated for 1976 by updating and projecting the model^s exogenous 

variables and then solving the model with and without the program. Predicted 

wage rates and earnings (but not hours) from the simulations are then inflated 

g 

and reported in 1976 values. 

In project ing^tlie exogenous variables, nonfarm output is assumed to 

9 

grow in all states at the national rate of 2A.7 percent from 1969-1976. 
Corre^(5iiding to this real output growth, unearned Income Is assumed to grow 
at the same rate. The number of families in each state<4s projected to grow 
at the annual national rate of 1.48 percent (observed over the period I960- -v 
1973). The demographic composition variables are assumed to remain at their 
1969 values. 

The effect of labor embodied technical progress is both to increase the 
number of equivalent-quality hours and to reduce the average cost of labor to 
firms. Labor productivity grew at an annual rate of 3*1 percent from 1969- 
1973 and is assumed to grow into 1976 at the same 3.0 percent rate that pre- 
vailed in the last two decades so that output per man hour is assumed in 
1976 to be 22.7 percent above its 1969 level. """^ Hence, in the simulations 



no 
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for 1976 firms obtain 1,227 (H^) equivalent-quality hours at a market wage 
of so thnt the average, cost of labor to firms is only W^j/1,227. Since 
demand is slightly elastic the reduction in average cost will just absorb 
the increase in effective supply. Therefore the effect of increased labor 
productivity alone is to increase real wages slightly. 

The predicted values of the model are reported by states and groups. 
For each state we report an average value of primary (W^) and secondary (W^) 
wage rates,. hours per family (H^/F, H^/F), earnings per family (E^/F, E^/F) , 
and family unearned (Y^/F) ^nd total income (G/F) over the groups. Wage 
*tates are weighted by hours, while hours and earnings per family are 
weighted by families, /similarly, for each group corresponding averages 

' . / 

are calculated over. the stales. 

-In Tables 1 and 2, the pre-program predicted state average valjes 
for dembgraphically eligible and ineligible families are reported. In 
the nation, an average of Al oercent of the families are demographically 
eligible.' These families are composed of a greater proportion of older 
workers who have slightly higher wage rates, supply more hours, and hence 
have higher earnings, whereas demographically ineligible families .consist 
primarily of younger workers. Nationally, primary workers from demogra-- 
phically eligible families earn $10,188 per year in contrast to $8,564. 
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per year for workers frpm demographically ineligible families, 

A Comparison of pre-^rogram predicted group averages for demographically 
eligible and ineligible families is made by referring to Tables 3 and 4. 
Here we observe that the wage rates, hours, and earnings of demographically 
eligible and ineligible families within a group are indeed very similar, 
with the national average wage rate being slightly higher for the demo- 
graphically eligible families who again are represented more heavily by 
families with higher earnings. 

The post-program predicted values of the number of participants, 
the average subsidy per participant, total family income with the subsidy 
(Y/F), and the total cost are reported along with equilibrium wage rates 
and hours in Tablq, 5 and Table 7» for demographically eligible families 
by states and groups." The market effects of the program on the demograph- 
ically ineligible are reported in Table 6 and Table 8. Of those families 
that are demographically eligible, 8 percent are also financially eligible 
and^ therefore are participants in the program. State participation rates 

vary widely, however, from a low of 3.7 percent of the demographically 

/ 

eligl^ble families in the New England states, to a high i" Florida of 14.6 
* percent participation. 
/ The family composition of participation, however, does not vary. 
Only families headed by females who are not college graduates are pro- 
jected to participate' in the program. The participation rate for group 
F-O-NC is 45 percent, and for group F-Y--NC it is over 99 percent. No 
other group is projected to participate jn any state. Of those families 
participating, we found that for the nation as a vhole 48 percent Kave 
income below $4000 and accordingly had an incentive fo Increase hours 
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supplies, while 40 percent havfe income above $4000 and on average decreased 
hours supplied. Twelve percent of the families are located at one of the 
two jogs or program pivot points. Finally, while we do believe that parti- 

cipation in the program would be dominated by iemale-headed families, we also 

"l 

believe that we have overestimated female-headed participation and under- 
estimated male-headed participation. The reason for this is that we employ 
group averages, which do not take into account the variation within the 
group. Only a procedure which incorporates this variation, such as a micro- 
simulation modei, could prodj^ce a finer distribution of participants. Never- 
theless, we have no a priori reason to believe that our estimates of total 
participation are. biased by the use of group averages. 

The effects of the program expressed as percentage differences (post- 
program less pre-program values as a percent of the latter) are reported 
for demographically eligible (Table 9 and Table 11) and demographically y- 
ineligible (Table 10 and Table 12) families. Looking at the' state averages 
in Table 9, hours per family fall in half the states by small amounts for 
demographically eligible families (i.e., in these statesf the program 
segments which Incorporate an incentive to decrease hoUrs supplied out- 
weight the program segment where there is an incentive to increase hours 
supplied). Nationally, primary and secondary ]• jurs have fallen by only 
0.1 percent and T.O percent, and wage rates have increased slightly for 
secondary workers (0.14 percent) and, decreased slightly for primary 
workers (0.05 percent). Althdugh the net effects of the program by -states 
are small. Table 11 shows that for demographically eligible families thbre 
are some rather sizeable changes in hours for the participating groups. 
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ol<>.,r .c»„lo-,.c..ea,f.«iU.,. (.-a-«C, „ «o..crs ~. „ou.s 
„„ .vcrasc aw 6 percent «MU s.c»n.a., »o.iU.s d^cvca.. .ou.» approxi- 
mately 2i percent. Moreover, yo^ger female primary workers .e- 

. ,„1lv (9 percent). Total family Income tor the entire 
crease hoi'rs substantially (9 percent^ 
Vo-»C group has increased £ro„ S5929 to «60U on average, composed of a 
£a>Hn earnings per eligible of almost t„o percent and a subsidy per 
particip'ah^of .189. .or the «-»C group, however, total family income 

~X «i-i7(i to S4224. the decrease in earnings per eligible 
has decreased Ji^om $4376 to >4iii. 

X the subsidy per participant of $300. For this 

of 11 percent outueighing the suDsioy iiei 

group" income seems to bV^ "'"I" 

Turning to Table 10 anJ^le 12. for demographically ineligible 
,Wlles both the average prima^^and secondary „age rates decrease very 
- »l,ghtly so that ^ project little dWlon of benefits upon imple«en- 
■ „tion of this program. Moreover, primar)>^ .secondary hours of demo- 
graphically ineligible families even Increase slightly so there is no 
.ubstit.tion. let alone large scale substitution, of subsidised labor for 
„^ubsidi.ed labor. Thus, the potential of the Wor. Bonus Tax Credit to 
be market neutral U approximately /eall^ed. 
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V. CONCLUSIONS ' - - 

In this paper, we have analyzed the market effects and program costs 
of the Work Bonus Tax Credit, We first described the program as outlined 

by the Senate Finance Committee and then interpreted the proposal, showing 

f 

that there are three distinct income ranges in which a family could parti- 
cipate. In the first range, family income and hence earnings are less than 
$4,000 and the family receives a ten percient subsidy on earnings. If family 
income exceeds $4,000 while earnings remain below that amount, the family 
is in the second range. It continues to receive the earnings subsidy but 
also pays a 25 percent tax on income which exceeds $4,000. In the third 
range earnings also exceed $4,000 and the family no lortger receives the 
earnings subsidy. It pays the t;.x on income exceeding $4,000 until the 
initial transfer has been completely taxed away. The program exit level 
depends on the family's level of unearned income, occurring at $5,600 for 
families, without unearned income and decreasing as unearned income increases. 

We next used the theory of family labor supply to analyze the Xabcr 
supply effects of each of three program ranges, emphasizing that the pro- 
gram combines a wage tax with an income transfer. We determined the income 
transfer using e, concept of tax saved minus tax naid previously developed 
for the analysis of the payroll tax and the income tax. We then illustrated 
this theory with the case of a single-worker family deriving the appropriate 
program budget constraints, and emphasizing in the analysis of labor supply ^ 
the importance of "jogr/', where marginal rates inc^iase, and "jumps", where 
marginal tax rates increase discontinuously . A brief overview cf the state 
labor maiket taodel with which we simulated the Work Bonus Tax Credit was 
then given. 
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Projecting the proposed program into 1976, we forecast that ^while 
42 percent of the families will be demogi'aphically eligible, only 8 percent 
of these eligible families will, In fact, participate. State participation 
rates will vary widely, however, ranging from 3.7 percent of the eligible 
families in the , New England states to 14,6 percent of the eligible families 
In Florida. Participation in the program, however, will be dominated by 
families headed by females who are not college graduates. We also project 
that while the Work Bonus Tax Credit will cause sizeable changes in hours 
supplied to the market by individual families, the labor supply effects 
of the different segments will offset *each other in each state so that the 
program is almost market neutral. In other words, the dissipation of 
benefits through wage increases to the demographically ineligible will 
be minimal as will be. the substitution of subsidized for unsubsidized 
labor. Thus, we project that the program could be introduced without 
causing large readjustments- of the non^target population. Using a labor 
market model which allows for labor supply effects, we estimate that the 
program will cos^ $658 million in 1976, while the Senate Finance Committee, 
using a static analysis not allowing for changes in labor supply, estimates 
the program will cost $700 million in 1974. 
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FOOTNOTES 



*This research was supported by funds from the Office of Research 
and Development, Manpower Administration, U. S. Department of Labor, 
under Grant No . ^21-11-74-09 to the Urban Institute. 

Opinions expressed are those of the authors and do not necessarily 
represent the views of the Department of Laboy, the Urban Institute, 
or its sponsors. 

We wish to thank Linda Royster for programming assistance. 

1. Haveman [3] and Haveman and Lampman [4] have proposed several 
different earnings subsidies- 

2. For a capsule summary of the Work Bonus Tax Credit, see [7, pp. 6-7], 

3. The Senate Finance Committee [7] states that the exit level occurs , 
when family income equals $5600. However, this is only true 

whep unearned income does not exceed $1600. 

4. For a discussion of the tax paid, tax saved concept in terras of 
the personal income tax, see MacRae and Yezer [6, pp. 6-7]. 

5. For an analysis of the effect of the Social Security tax on labor 
supply which distinguishes between effective decreases in the wage 
rate and decreases in unearned income, see MacRae and MacRae [5]. 

o 

6. A complete discussion of the specification, estimation, and evalu- 
ation of the model is given by Greenston and MacBae [2]. This 
model has evolved from the low-skill labor market model developed 
by Crandall, MacRae and Yap [1]. In contrast to the earlier 
model, which partitions the labor market by occupation and focuses 
only on the low-skill sector, this model describes the supply and 
demand for all worke'.s and partitions them by demographic group. 

7. See Greenston and Riordan [3 J for a description of the algorithm 
and ^^ts application in forming human capital groups. 

8. Forecasts of the GNP Implicit Price Deflator are contained in [10]. 
The 1976 to 1969 ratio of Deflators- is applied to the simulation 
output . 

9. The 1976 estimate of $905 billion (in 1958. dollars) is a Chase 
Econometric Model forecast of early 1974. j 

IC Productivity trends are discussed in [9, pp. 11-12]. 
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JO^S A]HD INCOME (JOIN) : A LABOR MARKET ANALYSIS 

e ~ 

by Robert I* Lerman, C, Duncan MacRae and • 
Anthony M*J« Yezer * 

Abstract 

The major labor market effects of a work- subsidy program de- 
veloped by the staff of the Subcommittee on Fiscal Policy of 
the Joint Economic Committee are analyzed in this paper. The . 
Jobs and Income proposal (JOIN) has been designed to incorporate 
some features which increase labor supply to the privats sacior 
and others which should have tha opposite effect. The income 
guarantee and earnings tax tend to decrease labor suppljr, while 
wage subsidies, including that implicit in it$ public employ- 
ment component, work in the opposite direction* The simulation 
of a high benefit version with an econometric model of state 
labor markets (pp, ia-1,75) in 1976 indicates t±fflt hours supplied 
by participating families tend to increase as a result of the' 
implementation of JOIN. However^ wages do not fell significantly 
and non-participating f-nilies appear to be little affected 
by the introduction of JOIN. Therefore,- we conclude that the 
increase In labor supply would be absorbed by the public sector 
leaving the private sector relatively unaffected. 
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JOBS AND INCOME (JOIN) : A LABOR MARKET ANALYSIS 
by R.I. Lerman, CD. MacRae and A.M.J. Yezer* 

I. INTRODUCTION 

A major controversy in the welfare reform debate is whether to adopt 
an employment subsidy program or a purely income-conditioned program. An 
important limitation of such income-conditioned programs as the negative 
income tax (NIT) is their effect on the financial reward for working. In 
order to assure poor families a moderate income at reasonable costs to the 
taxpayer under an NIT, the implicit tax rate on earned income of recipients 
would have to reach near 50 percent or higher. The substantial reduction 
In the financial return to work and the provision of an income guarantee 
could trigger a reduction in work hours. And, if not, the NIT might still 
be considered unfair because it narrows greatly the income differences 
among persons working at the same wage but for considerably different 
numbers of hours. 

♦Robert I. Lerman is a former staff member of the Subcommittee on 
Fiscal Policy. C. Duncan MacRae is a member of the staff of the Urban 

Institute, Washington, D.C. Anthony M.J. Yezer is on the faculty of 
George Washington University, Washington, D. C. Part of this research 
was supported by funds from the Office of Research and Development 
Manpower Administration, U.S. Department of Labor under grant No. 21-11- 
74-09 to the Urban Institute. 

Opinions expressed are those of the authors and do not necessarily 
rei. resent the views of the Department of Labor, The Urban Institute or 
its sponsors. 

We wish to thank Linda Royster for computer programming assistance. 



Many work subsidy programs have been proposed as alternatives to 
the NIT, but these programs also may have some undesirable economic 
effects. Wage subsidies themselves could lower work hours, as much or 
more than an NIT.^ To some extent they may reduce the wages employers 
pay, thereby offsetting government attein)ts to raise the incomes of low 
wage workers. And wage subsidies may channel too large a share of 
government dollars toward secondary workers in middle and upper income 
families. Guaranteed cnqployment plans may draw laborers from the private 
sector and may cause es^loyers to reduce their employment of low-wage 
workers, again raising the government costs per dollar of lnqprovement in 
the incomes of poor and near-poor families. 

Theoretically » work subsidy plans could Induce .a wide range of 
effects on labor supply, wage rates, and po^'erty.^ The actual outcome 
depends on the precise nature of the subsidy program and on the reactions 
of workers and employers. Although the few empirical studies of work 



^Irwin Garfinkel, "A Skeptical Note on 'The Optimaiity' of Wage Sub- 
sidy Programs, " Americ5m_Jconon^^ June 1973, pp. 447-453; and 
Jonathan Kesselman, "Incentive Effects of Transfer Systems Once Again, 
Journal of Human Resources , Winter 1973, pp. 119-129. 

^See, for example, Peter Mieszkowski, "The Indirect Market Effects of 
Wage-Subsidies and Public Employment Programs," Studies in Public Welfare, 
Paper No. 19 ♦ Public Employment and Wage Subsidies , Joint Economic Committee, 
(Washington, D.C. : U.S. Government Printing Office, 1975); and Jonathan 
Kesselman, "A Comprehensive Approach to Income Maintenance: SWIFT," Journal 
of Public Economics , February 1973, pp. 59-88. 



subsidy plans provide sorae useful results, their value is limited by 
the failure to take account of the demand side of the labor market.^ 

The purpose of this paper is to simulate the wage,* employment and, 
hence, earnings effects of a proposed work subsidy program. The Jobs 
and Income proposal (JOIN) is a comprehensive one that would replace 
several existing welfare programs. The JOIN design attempts to over- 
come some Important criticisms of work subsidy programs. To focus program 
benefits on the poorest families, JOIN utilizes a surtax on total family 
income. This surtax varies somewhat with the presumed needs of 
different kinds of families. To avoid substantial reductions in the 
wages employers pay or in the number of low-wage workers they hire, JOIN 
has both wage subsidy and guaranteed jobs components. 

Using either program alone, however, could result in low cost- 
effectiveness, depending on how demand for low-wage workers changes with 
wage rate changes. The substantial uncertainty about employer reactions 
makes the combination wage-subsidy, guaranteed- job approach advisable. 
A third component of JOIN is an income guarantee available only to one- 
parent families with at least one child under age 14. Although this 



^Samuel Rea, Jr., "Trade-Off s Between Alternative Income Maintenance 
Programs," in Studies in Public Welfare, Paper No. 13, A Volume of Studies 
Prepared for the use of the Subcommittee on Fiscal Policy, Joint Economic 
Committee, U.S. Congress, U.S. Government Printing Office, Washington 
1974. See, however, Michael Barth, '^Universal-Wage-Rate Subsidy: Benefits 
and Effects,^^ in U.S. Congress, Joint Economic Committee, The Economics of 
^ F ederal Subsidy Pro Arams: Special Study Papers , 1974. 
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feature is not efficient because of its categorical nature^ the only 
alternative may be that the Federal government provide child care to 
all such families to free the parents for full-time work* 

Estimating the inqpact of JOIN on the wages employers pay, on the 
levels of employment in conventional jobs and in special public jobs, and 
on the incomes of low*income families is an extraordinarily difficult 
task* Perhaps the largest problem is the uncertainty about how workers 
and employers would react to the JOIN program. Even the direction of 
JOIN effects on the labor supplied by workers and the number of workers 
demanded by employers is ambiguous. A higher wage through the wage 
subsidy or special public job may cause workers to increase or decrease 
their time at work. The surtax on other family earnings might cause 
the second earner to reduce his work time but the surtax on family unearned 
income could raise the work time of all family members. Demand for 
workers by conventional employers could rise if the JOIN wage subsidy 
allows employers to pay lower wages. But employment demand could also 
fall since the public employment component of JOIN might increase the 
wages employers must pay. 

These worker and employer responses could exert a considerable 
impact on the government costs and the income gains that result from 
the JOIN program. In order to take such responses into account, the 
paper utilizes an econometric model of the market for labor. The 
model includes equations representing how workers react to wage and 
income changes and how employers react to wage changes. The model also uses 
the notion that adjustments in the market yield a wage rate at which 
the amount of labor workers are willing to provide is equal to the amount 
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of labor firms arc willing to employ. The model offers a systematic 
approach to estimating the impact of JOIN on changes in labor supply 
and demand, which in turn determine changes in wage rates, conventional 
employment, and special public employment* ^ 

A combined program of wage subsidies, public employment and income 
guarantees has the potential for transferring a work subsidy to parti- 
cipants without dissipating the benefits of the subsidy to non- 
participants through higher market wage rates or displacing them with 
lower wage rates. The reason for this potential is that the wage subsidy 
would tend to increase manhours supplied to the private sector while 
the income guarantee and public employment would tend to work in the 
opposite direction. If this potential is realized then the program 
would be labor market neutral. By this we mean that it would transfer 
benefits to participants through the fiscal process without also 
transferring benefits or costs to non-participants through the labor 
market. If the program is truly market neutral, then the costs are 
borne solely through the fiscal mechanism. 

The primary objective of this paper is to determine the labor market 
effects of JOIN, in particular the degree to which the program would be 

market neutral. A detailed description and analysis of JOIN appears else- 
4 

where. In this paper we' simulate a JOIN program with the same structure 
but with a higher level of family benefits. We simulate an alternative 



Robert I. Lerman, "JOIN: A Jobs and Income Program for American 
Families," Studies in Public Welfare, Paper No. 19> Public Employment and 
Wage Subsidies > Joint Economic Committee, (Washington, D.C.: U.S. Govern- 
ment Printing Office, 1975). 
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set of program parameters bo'ch because there Is room £or reasonable debate 
regarding the appropriate parameters and because we believe that within 
limits the scale of benefits Is less Important than the structure of the 
program In determining market neutrality. Moreover, since we are concerned 
with the market effects of i combined wage subsidy, public employment, and 
income guarantee program, we believe that these effects will stand out 
more clearly with higher benefit levels. Lower benefits would In general 
only diminish labor market effects. 

The next section describes the JOIN program. Following this 
description is a translation of the program's benefit structure into 
effects on wages and non-employment income. How JOIN Influences the 
wage rates and non*employment Income of each family type largely determines 
join's Impact on labor supply. The fourth section explains the State 
labor market model used to simulate JOIN. The simulations provide pre- 
dictions of how JOIN would affect wages, employment. Incomes, and 
program payments to participants if Introduced in 1976. The next section 
reports and interprets these simulation results and points out their 
limitations. The final section presents a summary and conclusions. 
II. A DESCRIPTION OF JOIN 

The Jobs and Income (JOIN) Program is a comprehensive one embodying 
wage subsidies, guaranteed public jobs» and Income guarantees. JOIN is 
universal in the sense that all families and individuals are potentially 
eligible for benefits, and categorical in the sense that benefit 
generosity depends partly on family type. This section outlines the 
basic financial structure of the program. 
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All families or individuals fall into one and only one filing unit 
group. The five filing unit categories are: 1) two -parent families 
with at least one child under age 18; 2) one-parent families with at 
least one child under age 18 and no children under age 14; 3) one-parent, 
families with at least one child under age 14; 4) childless married 
couples; and 5) single individuals over age 18. Filing units 1, 2, and 
3 exclude all family members. other than a parent, spouse, or child 
under age 18. Children age 18 and over are not in the same unit with 
their parents, whether or not they live together. 

Each filing unit is eligible for one wage subsidy or one public job. 
Filing units in category 3 are also eligible for an income guarantee. 
Finally all filing units are subject to a surtax based on total family 
earnings and total family non-employment income.^ All filing units could 
designate one and only one person 18 or over to receive the wage subsidy 
or public job. In the version of JOIN with higher family benefits 
considered in this paper, if the person worked in a private job or in a 
conventional public job paying between $2.10 and $4.00 per hour, he would 



^The JOIN plan outlined in the paper by Lerman (see footnote 4) Includes 
a provision for transforming the current $750 personal income tax 
exenq)tion into refundable tax credits. The value of the tax credits 
could equal about $200 per person with no less in federal tax revenues* 
Because the complexities of integrating the income tax changes into the 
model would have required substantial time and money, the simulations 
included in this paper do not take account of this provision. 
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be eligible for a wage subsidy equalling one«-hal£ the difference between 
$4.00 and the person* s wage. For example^ a worker earning $2.50 per 
hour would receive a $.75 per hour subsidy » thereby raising his total 
wage to $3.25 per hour. As the worker's net wage varied from $2.10 to , 
$4.00» his wage subsidy would decline but his gross wage would rise. . If 
the applicant's job paid less than $2.10 per hour, he would be ineligible 
for the wage subsidy » but he could work at a special public job paying 
$3*00 per hour. 

Group 3 filing units would be eligible for an Income guarantee in 
addition to the wage subsidy or job guarantee. The income guarantee 
would depend on family size as follows: 

Family Size Income Guarantee 

2 $ 2800 

3 3100 

4 3400 

5 3700 

6 or more 3900 

All filing units receiving JOIN benefits would be subject to a surtax. 
The following surtax formula would apply: 

(1) T - .25(Ej^ + + S - D^) + .5Y^, for i«l,2,3,4, 

T « .35(Ej^ + E^ + S) + .5Y^ for 1 » 5 

where 0<T<E2+S + G 

and T « the surtax payment; 

Ej^ = total annnai family earnings other than earnings from the, special 
public job; 

E2 » annual dollar earnings from the special public job; 
S « the wage subsidy payment > in dollars per year; 
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- annual family non-employinent income other than JOIN benefits; 




W: 


G " the annual income guarantee available to group 3, and; 






D. - the annual earnings disregard that applies to- filing unit group i. 


- K'"^ 


■k * 


The disregard parameters for 1976 are: 




^- 


n - - - $6600, and I>, " Dc " 0- 
1 2 *» J -* 


' -''-"^ 




The surtax formulas are identical for groups except primarily for 
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differences in the amount of earnings disregarded. For example, two-parent 
families with children under 18 would pay no surtax on family earnings 






below $6600 while single parent families with children under 14 would be 






subject to a 25 percent surtax on all family earnings. The effect of the 






zero disregard on single individuals (group 5) is to render their wage 


' ^\ 




subsidy alternative unprofitable. Single individuals would not choose to 


•1 




apply for a wage subsidy, because at wage rates between $2.10 and $4.00, 






their surtax would always equal or exceed their wage subsidy. Group 3 




* 


filing units would find the wage subsidy profitable in spite of the zero 
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earnings disregard. For example, at a private wage of $2.50, a working 
mother heading a family and receiving an income guarantee would face a 
$1.88 effective wage without the wage subsidy and a$2.44 effective wage 


- > 
t 


,u : 

> 


with the subsidy (.75 x 3.25). 


\ 


? ' 


One may derive two expressions for the net income of JOIN recipients. 


h 


after benefits and surtaxes. These formulas are: 


h 
_ -J 




(2) = -f E2 + S .5y" + G f or i = 1,2,3,4 






where + + D^, 


■5 

/ i 


f 


- .75(E^ + + S) .250^ + .5y" + G f or i = 1,2,3,4 




1- 


where E^^ + E^ + S > D^^ 
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and 

(3) - .65(E^ + + S) + .51^ for i - 5, 

with « total annual family income of JOIN recipients after benefits and 
surtax payments. Equation (2) applies to those filing units whose earnings 
are below the earnings disregard levels and therefore not subject to any sur- 
tax. Such units would still have to pay a surtax equal to one-half of non- 
employment income. Equation (3) applies to units receiving JOIN benefits 
whose earnings are above the unit's disregard level. Since the disregard 
level for groups 3 and 5 is zero, each dollar of earnings is subject to the 
surtax and therefore equation (3) always applies. Equations (2) and (3) 
cover only those units whose net income after JOIN benefits and surtaxes 
exceeds their net income from earned and non-employment income. 

This description is sufficient for analyzing how JOIN influences the 
individual's total supply of labor, but not the distribution of labor be- 
tween the public and private sectors. The distribution depends partly on 
the nature of the public" jobs. Although many of the jobs woqld fill public 
needs not met currently, some of their work would undoubtedly be similar 
to work that conventional public employees might perform.^ In other words, 
governments may use JOIN funds to substitute special public workers for con- 



The substitution of special public workers for conventional public 
workers may occur in a variety of ways. One is simply to replace low-skill 
conventional public workers will low-skill special public workers. A 
second is to alter the mix of labor toward low-skill and away from medium 
- and high skill workers to perform a given task. A third is to replace pro- 
jects of conventional public agencies with projects performed by outside 
" project sponsors using special public workers that accomplish the same goal. 
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ventional workers on the public payroll. Thus, the next expansion in public, 
jobs would be less than the number of jobs funded by JOIN. In this situation, 
however, we assume for the sake of simplicity that there is no substitution 
of special public employees for conventional ones, so that all public jobs 
funded by JOIN add to the total demand for labor. 
III. THE IMPACT OF JOIN ON LABOR SUPPLY 

The first step in simulating the effects of the JOIN program is to analyze 
how recipients would change the amount they work. A family member or individual 
night have a larger or snalJ-sr probability of working and might woik longer 
or shorter hours as a result of the JOIN program. The wage subsidy and special 
public Jobs would improve the wage opportunities for many JOIN recipients. 
But the higher wage both increases the return to added hours of work, inducing 
an increase in labor supply, and allows workers to afford added leisure, in- 
ducing a decrease in labor supply. The JOIN surtax provisions might also raise 
or lower work effort. The surtax on non-employment income reduces the family's 
ability to afford leisure while the surtax on earnings causes a decline in 
the effective wage rate for some workers in JOIN filing units. ' 

These considerations alone suggest that the analysis of labor supply change 
is a complex and difficult one. This section describes in as simple a fashion 
as possible the techniques used in this paper to estimate such labor supply 
changes. Unfortunately, thr. presentation is of necessity somewhat technical. 
Thus, those readers who are not interested in the analytical approach may want 
to skim this section and move to the following sections. 

The labor supply analysis draws on economic theory and on estimates of 
how workers currently respond to wage and income changes. Economic theory 
suggests that the amount individuals choose to work depends primarily on their 
"wage rate, on their non-employment income, and on their preferences for leisure 
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and income • Faced with a wage rate and a level of non-employment Income that 
is beyond the worker *s control in the short run» it is assumed that the worker 
chooses that amount of work time which maxirizes his satisfaction level* JOIN 
has a. potentially important effect on this choice since it Influences the 
worker's wage and non-employment income opportunities* Estimating JOINTS im- 
pact first requires specifying exactly how the program would alter each person^ s 
wage and income opportunities* Thent using statistically derived relationships 
between the amounts different people work and their wage rates » non-enployment 
income, ano some other factors, one can estimate ho*- wage and non-employment 
Income changes induced by JOIN would influence the amount recipients work* 

This way in which JOIN alters a particular filing unites wage and Income 
opportunities depends on the wage rates of the filing xmit members, the category 
of the filing unit, and the filing unit's non-employment income* For exposition 
purposes it is worthwhile to begin with the case of a multi-person filing unit 
with a single worker* 

The object is to consider how JOIN alters the worker's wage rate' and non- 
employment income at every level of hours worked* As noted above, JOIN offers 
benefits In the form of a wage subsidy, a public job at a fixed wage rate, and/ 
or an income guarantee to category 3 filing tinits* Bat JOIN applies a surtax 
on earr'J.ngs and non-employment income that may be charged against benefit pay- 
ments* Except for category 3 units, workers are eligible for JOIN benefits 
only if their wage rate is below the target wage under the wage subsidy. 

Consider first those units whose wage rates are in the wage subsidy ra^ge* 
Figure 1 illustrates such a worker's alternatives for Income and hours worked 
with and without the JOIN program. Corresponding to the lines in Figure 1 
Indicating the worker's options are equations that relate total income to the 
level of hours worked. Without the JOIN program, the worker's income is based 
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Figure 1 



Budget Constraint Of A Single Worker With And 
Without The JOIN Wage Subsidy * 



Total 
Income 




0 Hours Worked 



* This figure applies to JOIN family types 1, 2, and 4. See 
Figure 2 for the budget constraint for type 3. Type 5 families 
are not eligible for the wage subsidy. 
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on the following equation: 

(4) Y - WV + y", 

vhere Y » total Income In dollars per year; 
P 

W « the hourly wage rate of the primary worker; 
« annual hours worked by the primary worker, and 
« annual non-employment income of the filing unit* 
Line AB illustrates this equation. Eligibility for the JOIN program may increase 
the worker's wage and non-employment income. At earnings levels below the 
filing unit's earnings disregard under the JOIN surtax, the worker's income 
is based on the following equation: 

(5) Y « (2.00 + •5wP)hP + -SY^. 

Segment CB illustrates this equation. Note that at work hours below point 
D the worker attains a higher income by remaining out of JOIN. This is be- 
cause the t ^ax applied to his non->eiq>loyment income is larger than the bene- 
fit from the wage subsidy payments. As work hours increase beyond H^, 
the worker gains by receiving the wage subsidy even after paying the JOIN surtax. 
The hours level at which participating In JOIN increases family income is deter- 
mined by setting income in equations (4) and (5) equal and solving for hours 
to obtain the following equation: 

(6) hJ = Max|0, (.5y")/(2.00 - .5wP)|. 

If non-employment income Is zero, then JOIN becomes immediately profitable. 

A third segment applies to those JOIN filing units whose earnings exceed 
the .TOTN disregard. Such families face a 25 percent surtax on earnings and a 
tax on non-employment Income, except type 5 farailles for whom the surtax is 35 

>0G 



percent. At hours yielding earnings above the filing unit's disregard, D^, 
family income equals: 

(7) Y « (1 - 0-25) (2.00 + •50M^)uP + .SY^ + •25D^- 

Line GFEH illustrates this equation. The line is applicable to the individual 

at hours worked levels between points E and F. In this range of hours worked, 

the JOIN subsidy is financially profitable but the surtax on added earnings 
applies. The hours level at point E equals: 

(8) - ^ • 

At hours levels beyond point F, the JOIN program becomes no longer 
profitable for the worker. The fact that segment AF lies above segment GF 
Illustrates that income is higher without the JOIN benefits and JOIN surtax 
than with them. Segment AF lies along line AB, which represents equation (A) . 
The hours level at point F, at which income is equal whether or not the unit 
participates in JOIN, is equal to: 

(9) flP - (-250 - •5y'')/[wP - .75i 2.00- -SW^)]. 

In summary » one may see how the JOIN program can raise the income attainable 
over some ranges of hours worked by comparing line BDEFA with line BA. The 
problem of the labor supply analysis is to determine how the new options 
illustrated by segment DBF would influence the worker's choice of hours worked. 
According to economic theory, the worker will choose the point which maximizes 
his satisfaction level. Given the worker*s preferences for leisure and income. 
It is possible to derive a general e3q>re8sion for how the hours level he 
chooses depends on his wage rate and his level of no n*employmcnt income. In 

2W 
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the absence of JOIN, this expression Is: 



(10) 



where h^ Is a function the form of which will be estimated later In this paper. 



worker* s new wage rate and level of non-employment income under JOIN. The 

problem is that the worker's effective wage, (his net increase ia income for 

an added hour worked) and his net non-employment income level depend on the 

hours range the worker chooses. That is, there is no single wage rate and 

non-employment income level appropriate for all hours levels • 

A general solution to this problem is to assume that workers make only 
0mall changes in hours worked in response to JOIN. Under this assus^tion, 

workers whose original level of hours worked was observed in a particular 
region would choose a new hours level based on effective wages and non-employ- 
ment incomes relevant to that range. For example, workers supplying hours in 
the AF and DB ranges would face the same wage rates and non-employment income 
levels after JOIN and would be expected not to change their hours choice. But 
effective wage rates and non-employment incomes would differ over the hours 
range between and H^. Those whose original hours levels were between 
and would choose hours levels under the JOIN program based on the following 
equation: 



The workers in this range would face a new effective wage, 2.00 9 
a new effective non-employment income level, .5Y^* Those whose original hours 
levels were between and would choose hours levels under JOIN based on 
the following equation: 



In principle, one could easily determine h^ by simply plugging into (10) the 



(11) 



hP « hP(C2.00+ .5WP), .Sy"^). 
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(12) tf* - hP(. 75(2.00 + .5WP), .5Y" + .250^1^ 

For this group, the effective wage Is .75(2.00 + .5wP) or three-quarters of 
the effective wage for the group In range DE. The reduction results from the 
application of the surtax on earnings. The group would also act as if its non- 
employment Income were equal to .5Y" + .25D^, or OH in Figure 1. To the worker 
choosing over range, DE, JOIN acts as if it places a surtax on all his earnings 
ft/ and as if it provides an Income transfer equal to the surtax not paid on the 

first dollars of Income. 
5 One aspect of the JOIN program is that at certain levels of income workers 

4 are confronted with a discontinuous Increase in marginal tax rates. Labor 

i supply theory says that under these circumstances workers at a variety of wage 

rates will work just the number of hours that maintains their earnings at the 
/: level where the tax rate increases. This result occurs in the transition he- 

tween receipt of the wage subsidy with no surtax on earnings, segment DE, and 
a wage subsidy in which earnings are subject to the surtax, segment EF, Point E 
is a peak which represents the best choice for workers at many wage rates • This 
point represents the hours level at which earnings are just equal to the earnings 
disregard, D^. 

• Although the general approach of using equations (7), (8), and (9) is 

ll~ appropriate in many cases, this procedure can yield incorrect results. 

:v One problem occurs for those whose predicted hours are near points D and F. 

For this group, it is clearly inappropriate to base predictions as if they 
were faced with only a single set of wage rate, non-employment income opportuni- 
ties. It can be demonstrated that workers who would appear to choose points 
I very near D and F if their choice were based on only one option would actually 

4 choose other points if confronted with the entire range of JOIN options • 



Unfortunately, it Is impossible without substantial information about indi- 
vidual preferences to determine which option or which range of hours worked 

would yield the best choice for any individual. However /there is a pre- 
sumption that points near D and F are inferior to points further away from . 
D and P. Thus, the choice predicted in this simtxlatlon is the one further 
away from D or F. To determine which point is closer requires using a ratio 
test that compares, for exanqple, the hours levels at point D with the hours 
levels chosen using equation (10), segment BD, and equation (11) , segment DE. 

Although the analysis discuseed above, coyers* only^ atngle VQPkei? glllixg 
units who are eligible for a wage subsidy, the same techniques are applicable 
to other situations. Consider workers who would be ineligible for the wage 
subsidy because their highest wage was less than $2.10 per hour. This group 
would be eligible for a special public job paying $3.00 per hour. Figure 1 
again Illustrates the options facing such workers in filing unSXa with only 
one worker. But the equations would have to be adjusted. Equations GH and 
(10) would remain the same since they represent the individual's wage and 
non-employment income in the absence of JOIN. In equations C5I and (111, one 
would replace the effective hourly wage term, 2.00 + .SW^, with the figure $3.00, 
This would cover the range in which none of the workers' earnings would be 
subject to the surtax. In equations (7) and (12), one would again replace 
the effective wage term, .75(2.00 + .50W^), with the figure $2.25. Over the 
hours range covered by these equations, earnings are subject to a 25 percent 
surtax, thereby reducing the public employment wage from $3.00 to an effective 
wage of $2.25. 

JOIN has a slightly different effect on the budget constraint of category 
3 filing units. Since this group may receive an Income guarantee, they receive 
an immediate benefit of G - .5Y" at zero hours of work (G denotes the dollar 
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guarantee level) . Those in this category would find their options altered by 
JOIN to CEFA in Figure 2. BC represents the guarantee minus one-half other non- 
employment income and we assume that this number is positive. Notice that the 

P 

worker in Figure 2 will participate in JOIN unless hours exceed H^, 

Single individuals (category 5) would find that part of Figure 1 describes 
their budget constraint. As noted above, only the special public job is po- 
tentially advantageous for this group. .If the category 5 worker^s best wage 
were less than $2.25, then JOIN might prove profitable. The worker's options 
under JOIN would resemble BDEJ in Figure 1. At hours levels under H^, the surtax 
on the worker's non-employment income would exceed the effective earnings gain 
from the $3.00 public job less the 25 percent surtax on earnings. Beyond H^, 
the worker's effective wage would be $2.25 and he would participate in public 
employment. 

The important groups not covered by the preceding discussion are those 
filing units with more than one worker. These cases are highly complex to 
analyze, but the same general techniques are applicable. Although the analysis 
of this case is left for the appendix, the reader should be aware of the general 
approach. One basic assumption is that the filing unit acts so as to maximize 
its satisfaction, where its satisfaction level depends on total income of the 
unit and the leisure of each of its members. It follows that one worker's choice 
concerning his work time depends partly on the time spent at work and the earnings 
of the other worker. The filing unit has a broad range of options since- either 
worker may accept the work subsidy. Presumably, the unit will choose the hours 
of work for each member, and choose the person who is to receive the subsidy that 
maximizes satisfaction for the filing unit as a whole. The analytical tech- 

211 
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Figure 2 



Budget Constraint Of A Single Worker In A JOIN Category 
Three Family With And Without A JOIN Wage Subsidy 



Total 
Income 




0 Hours Worked 
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nlques described in the appendix attempt to simulate those decisions. 

IV. USING THE STATE LABOR MARKET MODEL TO SIMULATE JOIN • 

A comprehensive analysis of JOIN requires an assessment of its impact ^ 
on the hours people work and on the wages employers pay. If workers eligible 
to receive the JOIN wage subsidy increase their time at work, JOIN's cost to 
the government may rise as a result of the additional hours subsidized. In 
addition, the subsidy cost per hour will rise if the increase in the labor 
force causes a fall in the wages employers pay. Alternatively, employers may 
have to increase their wage offers in order to retain workers who otherwise 
might accept JOIN's public job guarantee. Increased wage rates, in turn, will 
reduce JOIN costs as more people stay in private employment and fewer people 
go into special public jobs. 

Use of a State labor market inodel allows one to simulate how JOIN would 
influence wage rates paid in private employment, the total employment levels 
in public and private employment, the extent to which JOIN draws new workers 
into the labor force, and JOIN's benefits to recipients and nonrecipients .. The 
model represents the wage determination process in each State of the United States 
with a system of equations.^ One set of equations relates the way work hours 
supplied by workers depend on their wage rates, their non-employment income, 
their dependents, and their other personal characteristics. Another equation 



^See Peter M. Greenston and C. Duncan MacRae, "Labor Markets, Human Capital, 
and the Structure of Earnings," pp. 1.1-1.75. 
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expresses the relationship between the amount of labor demanded by £irm8> and 
the wages they pay» and the overall level of output* The model determines 
the market wage by finding that wage rate which equates labor supplied and labor 
demanded • 

In common sense terms > the model assumes that the hours which persons of 
each demographic type choose to work are a function of the wage rate they can 
obtain and their non-employment income. In other words, it assumes that 
Americans In every State have the same relative preferences between income and 
leisure^ and that they behave differently in different States only because of 
variations in the wage rate and the availability of non~employment income. 
Similarly > the model assumes that the number of labor hours which employers in 
each State wish to purchase depends on the level and composition of State out*- 
put and the wage rate prevailing in the State. In other words, the model assumes 
that given similar output composition, employers in each State will vary their 
deiaand for labor hours per dollar of output solely on the basis of the prevailing 
wage rates in the State. Finally, the model assumes that employers enjoy per- 
fect flexibility in substituting workers of various skill J.evels for one another. 
As a consequence, the model assumes that the effect of a rise in the wage rate 
is that employers will choose to substitute capital for labor. Given these 
assumptions, the State labor market model tells us how American workers ana 
employers can be expected to respond to variations in wage rates. 

To simulate the effects of JOIN, one first specifies how JOIN would affect 
the wage and income opportunities of all families and individuals* The pre- 
vious section performed this task. Next, one plugs these new effective wage 
and income figures into the labor supply equations derived from State-by-State 
analysis to determine their effect of JOIN on the amount people work and on the 
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nu^rs o£ worker regaining In private Jobs and the numbers taking the special 
public Jobs offered under JOIH. This ne« step does not take account of the 
feedback effect of changes In labor supply on the wages employers pay. If JOIN 
changes the amount of labor supplied to private firms, the pre-JOIH wage will no 
longer result In equality between labor supplied and labor demanded. Thus, the 
«del must find the new wage that will bring supply and demand Into equality. 
.V, the model solves new for the wage level. It simultaneously determines the 
.-.ount people work In private and In public employment, their total earnings, 
and. their total subsidies from JOIN. 

To understand the logic of the model requires an examination of Its 
equations and how they describe the behavior of workers and firms. Consider 
first the labor supply equations. Since different population groups are ex- 
pected to respond differently to changes In wage rates and non-employment In- 
come, separate equations are necessary for each group. For example, family 
heads vary their work patterns In different ways than wives do! young persons 
m different ways than old persons! and well educated workers in different 
ways than less educated workers. Of primary Importance Is the distinction 
between labor supplied by the primary worker and labor supplied by secondary 
workers In each family. The other distinctions of significance are between 
different types of families. To determine which types of families show similar 
labor supply behavior, a special statistical technique was employed to select 
the groupings on the basis of minimum wlthin-group wage variation and maximum 
between-group variation. This technique classified all families Into eight 
groups based on the characteristics of the family head. The most relevant 
groupings were found to be families headed by those with the following character- 
istlcfi: 
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1) 


male and female, 


age 36 and over, 16 or more years of schooling coiiq[>leted; 




< 


2) 


male and female, 


age 16-35, 16 or more years of schooling completed; 




* * 

f - 


3) 


male, age 36 and 


over, 0-11 years of schooling con^leted; 




4) 


male, age 36 and 


over, 12 years of schooling completed; 


• 




5) 


* male, age 36. and 


over, 13-15 years of schooling completed; 






6) 


male, age 16** 35, 


0-15 years of schoollnp, coiq>leted; 






7) 
8) 


female, age 36 and over, 0-15 years of schooling completed; and 
female, age 16-35, 0-15 years of schooling completed. 





The model of labor supply behavior consists of separate equations for 
primary and secondary worlcers in each of the eight family types • The equations 
explain the variation across 30 $tates and groups of States in the average ntunber 
of hours worked per family per year on the basis of economic and demographic 
variables. For example. State variations In average hours worked by secondary 
workers of a particular family type depend on variations In their average 
wage, in the average wage of the primary worker In that family type, in the 
family *s non-employment Xucome plus the earnings of the primary workers, and 
variations In the percentage of secondary workers who are white, between age 22 
and 54, male, living with a spouse, responsible for dependents, and residing 
In an urban area. Econometric estimates of the relationship between hours 
worked and the explanatory variables use data on each variable derived from the 
1970 Census Public Use Sample of 1 of every 1000 households* The estimated 
relationships determine the quantitative significance of each of the variables* 
One finding Is that State variations In wages of secondary workers in some 
family types stimulate significant Increases in hours worked while for secondary 
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workers in other family types wages have no discernible impact on hours worked. 

Although separate estimates of labor supply relationships were performed 
for sixteen groups (primary and secondary workers in eight family types) , the 
results were similar for some groups. In fact, only three separate equations 
were necessary to explain variations in hours worked of secondary workers. 
Behavior of primary workers differed sufficiently by family type to require 
seven separate equations. In most of the equations, it was found that higher 
wages and lower non-enq?loyment Income Induce longer work hours. In some cases, 
work hours increase as wages increase only to a certain level after which 
further wage increases appear to reduce or to leave average work hours constant. 



Equations representing the demand for workers also take account of worker 
differences. But for employers, the relevant differences are those affecting 
worker productivity rather than those affecting family status. The demand for 
college graduates will clearly differ from the demand for workers without a 
high school education. In order to simplify the analysis, the model translates 
hours worked by different types of workers into e^utvaleat .productivity units 
as measured by relative wages. The hours worked by one group of workers Is used 
as the basis of comparison. Hours worked by all other groups become translated 
into hours of the base (or numeraire) group on the basis of wage differences.. 
The base group is male, primary workers, high school graduates, over age 36, One 
hour of work by male college graduates over 36 might become 2 hours In terms 
of the base group's hours. Alternatively, the value in numeraire hours of an 
hour worked by males with less than a high school education might be only one- 
baif an hour. The precise ratio of one group's hours to the numeraire's hours 
Is equal to the ra.lo of the wage rates. In theory, relative waRes arc eaual 
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to relative productivities when markets are In equlllbrlxim. To detervLne which 
relative wage weights to assign to workers of different productivity In all 
State areast an equation relating relative wage rates to age-sex-educatlon 
characteristics was estimated.® Although some differences in relative wage rates 
appeared between southern and non-southern States*, relative wage rates are 
reasonably constant over most areas. ' Using the wager, derived in the relative 
mge equations, hours worked by those with different productivities were 

aggregated into a single hours measure. 

The demand for labor part of the model is an equation Intended to represent 
the impact of wage rates on ea^loyers* demand for workers « The actual equation 
relates State variations in the number of equivalent-quality hours worked (per 
dollar of State output) to State variations in wage rates of the base group 
and to State variations in the proportion of state output in manufacturing 
and construction. The estimated equation is based on 1970 data. Vhe re- 
sults indicate that a one percent higher wage of the base 
group is associated with about a one percent lowex: demand for labor hQurs«». 
The output proportion variable is not statistically significant. 

The demand for labor equation along with the condition that hours demanded 

« 

equal hours supplied completes the model. An iterative solution technique 
solves for the wage for the base group that equates supply and demand. The 
wages of other groups of workers follow directly from the ratio of their wage 



See pp. 1.26-1-46 for the exact form of this equation and for the 
estimated regression results. 
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rates to the wage rate of the base group* One Important assumption embodied in 
the model's demand equation Is that workers of different skill levels are per-- . 
fectly substltu table at some fixed ratio. That is, if the wage level of a 
high skill is three times that of a low skill worker, firms may substitute 
three low skill workers for one high skill worker at no loss or gain in output • 
This essuraption implies that relative wage rates of different classes of workers 
are fixed* Trtus, JOIN'S impact on the wages of one class of workers, say the 
base group, will have an equal percentage effect on wages of all other classes 
of workers* By a8suii?>tion, JOIN cannot improve or worsen the relative position 
of low wage workers as lueasured by their market wage rate relative to that of 
other workers* 

One problem In using the State labor market model to simulate the effects 
of JOIN is the difference in units of analysis. JOIN eligibility criteria 

for various filing unit categories are based on the nuclear family and on 
legal responsibility* One filing unit group consists of both parents and all 
children under eighteen. Children 18 and over and other household members 
not married to the family head are in different filing units. In contrast, 
the family unit used in the model and in most labor supply analysis includes 
all household members related to the head, regardless of their ages. The solu- 
tion adopted here is to treat all secondary family workers not married to the 
primary worker as eligible for JOIN. This assumes that secondary workers in 
families with no spouse present are not under age 18 and that the secondary 
worker in families with a spouse present is the spouse. 

A second problem arises because JOIN is universal but the State labor mar- 
ket model Includes only the civilian non-agricultural labor force. Since 
wage rates in the agricultural sector are low, a significant .lumber of workers 
excluded from this analysis may in fact be eligible for JOIN benefits. 
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V SIMUUTION RESULTS AND IMPLICATIONS 

We have discuBScd the Inputs Into the siaulation process: labor supply 
analysis of JOIN and the structure of the State labor aarket aodel. More de- 
tailed dleciBslons of both appear in the Appendices. This section is divided 
into a discussion of assuaptions made to update the «>del to iiake forecasts 
for 1976 and an- analysis of Mcro and aicro effects of the JOIN program. 

The program parameters of JOIN are designed to apply to a program imr- 
plemented in 1976. Basic exogenous inputs into the State labor market model 
vere updated to 1976 by projecting the growth of output, unearned income, 
population, and labor productivity from the 1970 Census data base used to 
estimate the model. Furthermore, »iuce all monetary values 0«ge rates, 
earnings. Income and output) In the econometric model are expressed in 1969 
dollars, the parameters of the 1976 JOIN were first converted to 1969 dollar 
values. This is accomplished by multiplying them by the ratio of the 1969 
GNP deflator to an estimate of the 1976 GNP deflator (obtained from the 
National Planning Association).' Then the above mentioned variablcB aie 
projected into 1976 and the model is sisulated with and without the program. 
Finally, the predicted values are translated into 1976 dollar values by 
aultiplylng them by the ratio of the 1976 GNP deflator to the 1969 GNP 
deflator. The projections are based on the following trends and assumptions. 
Nonf arm output is assumed to grow in all states at the same rate as national 
output, which has been projected to increase from $837.3 billion in 1973 
to $905.0 billion in 1976 (in constant 1958 dollars), or a real growth 



^Forecasts of the GNP Implicit Price Deflator are contained in National 
Planning Association, The U.S. Economy; 1973-1983 . Washington, D.C. , 1974. 
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of 24.7 percent froa 1969 to 1976.^° Corresponding to this growth in real 
output, unearned Income is projected to grow at the same rate. The number 
of families in each state is assumed to continue to grow at the same rate 
of 1.48 percent a year which occurred over the period 1960-73. The 
demographic composition variables are assumed to remain at their 1969 values. 

Labor productivity increased at a 3.1 percent annual rate over the 
period 1969-73 and is projected to grow in 1974-76 at the same 3.0 percent 
rate that prevailed in the last two decades. ''•^ The effect of the labor 
eiBbodied technical progress is both to increase the number of equivalent- 
quality hours and to reduce the average cost of labor to firms. Since 
quality per nan hour is assumed to increase by 22.7 percent over 1969-76, 
firms obtain 1.227 (H^) equivalent-quality hours at a market wage of 

so that the average cost of labor to firms is only /1.227. The 

Aj 

reduction in average cost will just absorb the increase in effective 
supply since demand is slightly elastic. Therefore, on net, the effect 
cf increased labor productivity is to increase wage rates slightly. 

The predicted values of the model are reported by JOIN category. 
But some individuals who are classified by JOIN as eligible category 5 
families, are actually aesbers of extended family units living together. 
Such individuals appear in our tables as secondary workers and are 
associated with the JOIN category appropriate for their family head. 



The 1976 estimate is a Chase Econometric forecast. 
^^Productivity trends are discussed in Manpower Re port of the President, 
Washington, D.C. , March 1973, pp. 11-12. 
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Insofar as such extended families pool income from all sources, it 
would be misleading to list family members under two JOIN categories, 
and give the impression that they were separate units each with rather 
low income. 

For each category we report an average value of primary (W^) and 
secondary (W®) wage rates, hours per family (h'^/F, H^/F), earnings per 
family (e'^/F, E^/F), and family unearned income (Y^) over all states. 
Wage rates are weighted by hours, while hours and earnings per family 
are weighted by families. 

In Tables 1 and 2 the pre-program predicted average values by JOIN 
category for participants and non-participants ate reported. In the nation, 
an average of 4.0 percent of families have primary workers participating 
while .7 percent of farailiea have secondary workers participating in JOIN. 
In the absence of the program workers in these families on the average 
have significantly lower wage rates, levels of enq>loyment and unearned 
income than workers in non-participating families. Thus both their earned 
and their total income is lower. Nationally, workers from participating 
families are predicted to earn $2500 per year in contrast to $8100 per. 
year for workers from non-participating families. 

12 

It should be noted that pre-program values for categories 2 and 3 are 
identical because they differ only in the age of dependents • Since we 
did not have state-by-state observations on these categories we allocated 
one-parent families with dependents, which we do observe, between the 
categories on the basis of the proportions observed for the entire 
American population. 
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The post-program predicted values of the annual government cost per 
family (COSTP, COSTS) and annual subsidy per family (SUBP. SUBS) are 
reported along with equilibrium wage rates and annual hours worked in 
Tables 3 and 4. Government costs include the wage subsidy net of the JOIN 
tax. the income guarantee cost for category 3 families, and the wage bill 
In public employment net of JOIN tax on participants. Figures for the 
annual subsidy per worker for primary and secondary workers indicate the 
increase in earnings above those determined by private market wage rates. 
Thus the entire amount of wage subsidy payments and any income guarantee 
is included in this figure. But, for individuals participating in public 
employment, the subsidy is an implicit wage subsidy equal to wage 
differences in public and private employment. Thus our estimate of subsidy 
is the earn'ugs differential associated with this wage subsidy. 

Perhaps the most notable feature of the results on participants in 
Tables 2 and 4 is the concentration of participation in category 3 
families and the lack of category 5 participants. JOIN is very attractive 
for category 3 families because of the income guarantee which these 
families receive. Since r.or.-labor income for this group is about $1000. 
the average value of the income guarantee net of the 50 percent non-labor 
income JOIN tax will be about $2800 per year. Primary and secondary 
worker hours tend to be small for category three families which means 
that the earnings tax does not push these families near the break even 
level of income even if they have high wages. JOIN is unattractive to 
category 5 families because of the higher earnings tax which tWzy face, 
■ 35 percent as opposed to 25 percent for other cate.?ories, and the lack 
of an earnings disregard. Given a public employment wage of $3-00 the 
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after«*tax wage available to category five workers choosing to participate In 
JOIN Is only $1*95 per hour* This Is generally below privdce market wages 
projected to be available to workers In 1976. Also some category 5 
families consist of Individuals who are members of extended families that 
are eligible for JOIN under categories 1 through 4. Hours and earnings for 
such workers appear in descriptions of secondary worker behavior under the 
category of the head of the extended family. 

Changes in the circumstances of families that participate in JOIN and 
those that do not participate are given in Tables 5 and 6. As can be seen, 
JOIN is nearly market-neutral in that it has little net effect on market- 
clearing wage rates. Because of this feature there is little net effect 
on the behavior or income of non-participant families. Table 6 indicates 
that, for both primary and secondary workers, there is a slight fall in 
market wages of non-participating families. But because workers in these 
families are on the backward-bending portion of their uncompensated labor 
supply curves, the decline in wages evokes an increase in hours which 
leaves earnings virtually unchanged. 

Families that participate in JOIN show sharply higher earnings and 
hours of work after the program is Implemented. Table 6 Indicates that 
these increases in hours and earnings extend to both primary and secondary 
workers of family types 1 through 4. But the percentage gains in hours 
are particularly large for category 3. Given the shape of the underlying 
labor supply functions, and the design of JOIN, one would anticipate that 
Increases in hours would be most pronounced for the lowest wage workers. 
These individuals tend to be on the portion of the labor supply curve 
which has the smallest positive slope and they are unlikely to earn 
enough to exhaust the value of their disregard from the JOIN earnings 
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tax. The tendency of the income guarantee to discourage work effort on the 
part of category 3 families apparently did not outweigh the positive effects 
of the wage subsidy and public employment on work effort. 

In interpreting the reeults presjented above, limitations of the analysis 
should be recognized. We have assumed a minimum wage in private employment of 
$2.10 per hour would be permitted in spite of legislation which mandates higher 
minimum wages by 1976. Of course workers receiving such a wage in private 
employment would actually get $3.05 per hour including the wage subsidy. Secondly, 
in analyzing the choice of private vs. public employment, we have Ignored the 
element of job satisfaction and amenity. It may be that workers would accept 
a lower wage in public employment rather than work in an undesirable job in 
the private sector. Also we have ignored any role of the employment services 
associated with JOIN in encouraging workers to accept positions in the private 
sector. Instead workers consistently choose the position which yields the 
highest earnings for given hours of work. Finally, we have not dealt with the 
existence of other t^.xes and subsidies which would persist, be modified, or be 
eliminated by the introduction of JOIN. 

VT- SUMMARY AND CONCLUSIONS 

In this paper we have analyzed the market effects of the high benefit 
version of the JOIN proposal. We first reviewed the basic financial struc- 
ture of the program. Each family or individual falls into one out of five 
possible filing unit categories depending on family composition. Each 
fili^ig unit is eligible for one wage subsidy or one public job. A worker 
receiving between $2.10 and $4.00 per hour is eligible for a wage subsidy 
equalling one-half the difference between $4.00 and his or her wage rate. A 
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worker earning less than $2.10 per hour Is ineligible for the wage subsidy but 
eliglbl. for a special public job paying $3.00 per hour. Single parent families 
with a child less than 14 years old are also eligible for an income guarantee. 
All filing units, however, are subject to a surtax based on total family earnings 
and total, family non-eiq^loyment income. 

Since the JOIN program affects both the wage rate and non-employment Income 
opportunities of participants, we next used the theory of family labor supply 
to analyze the consequent labor supply effe/its of the program' on the different 
filing unit categories. Ihe analysis focused on specifying how the several pro- 
gram components alter the budget opportunities confronting the family and re- 
flecting these changes in the parameters which determine labor supply behavior. 
JOIN has been designed to Incorporate some features which Increase labor supply 
to the private sector and others which should have the opposite effect. While 
the wage subsidy and special public jobs would improve the wage opportunities 
for many JOIN recipients, the higher wage not only Increases the return to 
added hours of work, inducing av -fnciease in labor supply, but also allows workers 
to afford added leisure, inducing a decrease in labor supply. Moreover, the 
JOIN surtax provisions might also raise or lower work effort. The surtax on 
non-employraent income reduces the family* s ability to afford leisure while the 
surtax on earnings causes a decline in the effective wage rate for some workers 
in JOIN filing units. 

Given the labor supply effects of the JOIN program on those who are eligible 
to participate, a model of State labor markets was employed to determine the 
changes In wage rates and work effort on both participants and nonpartlcipants 
brought about by the program through its effect on the market supply and demand 
for labor. Projecting the proposed program into 1976, we forecast rhnr fin 
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•averaR« of four percent of families would have primary workers participating, 
and almost one percent of families would have secondary workers participating. 
We found, however, that participation would be dominated by single parent fami- 
lies eligible for the income guarantee, and that single individuals would be 
only occasional participants. The simulation indicated that hours supplied by 
participating families would tend to increase as a result of the implementation 
of JOIN. These increases would extend across both primary and secondary workers 
in all participating family types. However, wages would not fall significantly 
and non-participating families appear to be little changed by the introduction 
of JOIN. Therefore, we conclude that the increase in labor supply would be 
absorbed by the public sector leaving the private sector relatively unaffected. 
Thus, it seems that the potential for JOIN to be market neutral would be realized 
and the program could be introduced without causing large readjustments of the 
non-target population. In other words, the dissipation of benefits through 
wage increases to the demographically ineligible will be minimal as will bo 
the substitution of subsidized for unsubsidized labor. 



APPENDIX - LABOR SUPPLY ANALYSIS OF THE mTI-MORKER FA>IILY 

The multi-worker family has two or more potential participants in the 
labor force* We will consider the case in which there are two workers per 
fanily* the primary worker and a single secondary worker. Such a family supplies 
primary hours, H^, and secondary hours, H®, to employment in a manner which 
maximizes utility of the family as a whole from income, and leisure of family 
members* The budget constraint of a multi-worker family not participating In 
JOIN is given by equation (1) : 
(1) Y « wV + W V + Y^ 

where Y « total fasdly income in dollars per year; 

» total annual non-labor income of the family; 
W** - market wage rate of the pilmary worker In dollars per luan-hour; 

« market wage rate of the secondary worker in dollars per man-hour* 
We can represent this budget constraint by a plane in (H^, H®, Y) space, speci- 
fically plane abed in Figure 1* Note that the budget plane slopes up from the 
point where Y « Y^ and » « 0* The steepness of the slope as increases 
varies directly with and similarly steepness increases in the H direction 
as increases. This will be called the initial budget plane and, in the 
absence of JOIN, families would maximize utility by supplying labor at a point 
of tansency between an indifference surface in (H^, H^, Y) space and the initial 
budget plane, determining the and supplted annually^.. I<^hor supply of 
each family member will, in general, depend on family non-labor income, hi^ 
own wage, and that of the other family member as shown below: 



Figure 1 

Budget Constraint of a Multi-Worker Family in the Absence of 
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(2) » hP(HP, W^ Y°) 



The JOIN wage subsidy modifies the family's budget constraint by intro- 
ducing other budget planes into the diagram. Consider first the case in which 
the primary worker is eligible for a wage subsidy and the secondary worker is 
not eligible for any of the JOIN subsidies. Figure 2 shows the initial budget 
plane, abed, with a slope of -W^ In the (Y, H^) plane and -W* In the (Y, H^) 
plane. If the primary worker receives a JOIN wage subsidy, but total family 
earnings are below the exemption level so that the earnings surtax does not 
apply, net family income is given by: 



(3) Y = (^.t» + .5wP)hP + WV + .5Y" + G . 

Equation (3) generates the plane efgh shown in Figure 2. As noted for single 
worker families the existence of the income guarantee for category 3 filing 
units would shift plane efgh vertically and modify the appearance of the dia- 
gram slightly. Plane efgh has a slope of -(2.00 4- .SW^) In the (Y, H^) plane 
and V in the (Y, U^) plane and its height when = = 0 is .5Y°. If the 
family finds a utility maximizing point on plane efgh, it will supply labor 
as if the initial supply equations in (2) above included a wage subsidy for 
the primary worker and a change in non-labor income. 

(4) rP » hP(2.00 + .5WP, W', ..5Y" + Gi 

R* » h^CW , 2 ,0Q + ,5WP, .5y" t C) , 
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Figure 2 

Budget Constraint of a Multi-Worker Family with Primary Worker Eligible 

for the JOIN Wage Subsidy 



I Net Income 
,S8 




Bociget Surface — 
Equation of: 

Plane abed, Y = W^H^ + W^H''' + y" ; 

Plane efgh, Y « (2.Q0 + 0.5W^)H^ + wV + 0.5y" + G 

Plane wxyz, Y - 0.25(2-00 + 0.5W^)H^ + W^I^) + 0.5y" + G + 0.25E 
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The change in non-labor income may be thought of as an Income transfer equal 
to-.5Y"for groups 1. 2. and 4 and equal to G-.5y" for group 3 which receives 
an income guarantee of G dollars for participating in JOIN. Note that in a 
multi-worker family policies which influence primary supply also change secondary 
worker behavior because the labor supply decisions are linked. 

The intersection of planes abed and ef gh is the line AA' which is the locus 
of points formed by combinations of primary and secondary hours such that net 
Incomes with and without the wage subsidy are equal. For any value of secondary 
hours, the level of primary hours along AA' is fixed and equal to: 

(5) hP = MaxlO, (.5Y" - 0/(^.00 - 0.5wP)j 

Equation (5) is precisely the same as the equation used to determine break even 
hours in the case of the single worker family. The region of the budget sur- 
face around AA* formed by planes abed and efgh is concave downward introducing 
the likelihood of multiple equilibria, or points at which there is more than 
one point at which an indifference surface is tangent to the budget surface. 
At 3uch po-nts where equations (2) and equations (4) indicate that primary hours 
are below and above respectively we simulate labor supply by assuming that 
the solution in which primary hours are furthest removed from is the one 
which maximizes family utility. Given the concave downward shape of indiffer- 
ence surfaces, it is likely that the tangency with the highest indifference 

surface occurfs at points relatively further removed fi^Qii) For a, fxjijther 

13 

discussion of this point in the context of a single worker see KesseljJ)a,n . 



^^Jonathan Kesselman, "Conditional Subsidies in Income Maintenace," 
Western Economic Journal , March 1971 , 11, pp. 1-20. 

23^ 
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Families receiving a wage subs-IHy and having earnings above the level of 
exemptions arc subject to a surtax of 25 percent on earnings net of exemptions. 
For such families, net Income Is given bys 

(6) Y « (1 - .25) ((2 ,00 + .5wP)hP + wV) + .SY^ + .25D^ + G 

- .75 ((2.00 + .5wP)hP + wV) + .25D^ + .,5Y^ G 

Plane wxyz In Figure 2 is generated by equation C6i . This plaae. h^s a slope 
-.75(2.00 + .5wP) in the (Y, h'^) plane and -•75W® in the (Y, H®) plane, and 
its height when » » 0 is .5Y^ + .25D^ + G. Plane wxzy is displaced from 
the initial budget plane by an income transfer equal to the difference of G + 
.5Y^ + .25D^ and Y^; a wage tax on primary workers equal to the difference ^f 
.75(2.00 + 0.5W^) and W^; and a 25 percent wage tax on secondary workers. Thus 
the labor supply equations for family members can be written as; 

(7) - hP(.75(2.00 + .5WP), .75W^ .5y'' + .25D^ + G) 
- h^(.75W^, .75(2.00 4- .5wP), .5Y'' + .25D^ + G) 

Planes efgh and wxyz intersect in line BB' whose equation may be written as: 

(8) hP = (D^ - wV)/(2.00 + .5WP) , 

This is a generalization of the result for H2 calculated for single worker 
families above. Note that the line BB* runs diagonally across the budget con- 
straint surface in Figure 2, intersecting line AA* at point X, and that lines 
BB* and AA* together determine the portion of plane efgh that lies on the bud- 
get surface. Only the triangular wedge, AXB, of plane efgh lies within the 
budget surface. This means that only equilibrium tangencies of indifference 
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surfaces on this wedge can produce labor supply equilibria in that portion of 
the JOIN program where there is a wage subsidy without an earnings surtax. 
The size of the wedge AXB varies directly with the level of exemptions and 
inversely with wages of both primary and secondary workers and family non- 
labor income. This can be seen by solving for the level of secondary worker 
hours at which the point X occurs: 

(9) = tDjL - (0.5Y" - G)[(2.00 + .5wP)/(2.00 - .5W^)]]/W^. 

As decreases, the point X moves down the budget plane toward the line where 
equals zero and the size of the triangle AXB decreases. Equation (9) shows 
that H® varies directly with D^^, and inversely with W^, and W^. 

The existence of kinks in the budget surface, such as that along line BB' 
in Figure 2, creates special problems for labor supply analysis. Line BB is 
part of the budget surface but it is possible for an indifference surface to 
be tangent to line BB' and hence to the budget surface without being tangent 
to either plane efgh or p. ^ wxyz. Since labor supply equations (4) and (7) 
both assume that supply is det rmined by tangency of an indifference surface 
with planes efgh and wxyz respects ily, they cannot be used to determine family 
labor supply produced by the tangencies with BB' described above. Equation (8), 
the equation of line BB', gives us the relationship between primary and secondary 
hours that must hold on BB', but the exact mix of primary and secondary hours 
is indeterminate. Our approach to handling this indeterminacy in the labor 
supply simulation involves setting secondary hours equal to the mean of secondary 
hours computed using equations (4) and (7) and then solving for primary hours, 
given these secondary hours, using equation (8). This approach to the inde- 
terminate mix of primary and secondary hours has the virtue of vieldin? honrf; 
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which are consistent with equation (8) • 

The line CC* on Figure 2 Is the Intersection of plane wxyz with the Initial 

plane abed and It Indicates combinations of primary and secondary hours at which 

the net value of the wage subsidy Is completely taxed away by the earnings sur- 
tax: 

(10) - (G + .25D^ - .5Y^ - .25wV)/(wP - .75(2.00 + .SW^)) 

This Is analogous to the equation for found for the single worker family. 
The quadrallteral CXBx In Figure 2 represents the portion of plane wxzy that 
lies within the budget surface and hence Indicates possible combinations of 
hours for which supply equations (7) apply and the family Is In the tax back 
section of the JOIN program. The size of CXBx decreases as point X moves down 
in Figure 2 to the point where H » 0, and the location of point X Is determined 
according to equation (9). Thus the size of the budget surface falling In 
plane wxyz varies directly with the exemption level, D^, and inversely vith Y^, 
W^, and W®. 

Above the break even point along line CC* , labor supply returns to that 
described by the initial supply equations (2) as the budget surface returns to 
plane abed. However, the region of the budget surface around CC* , formed by 
planes wxyz and abed, is ccAcave downward introducing the possibility of multi*- 
ple equilibria analogous to the situation found around line PiA\ There may be 
more than one point at which an indifference surface is tangent to the budget 
surface. The choice is between the labor supply equilibrium given by equations 
(2) on abce and that given by equations (7) indicating tangency on plane wxzy. 

Diagrammatic analysis of the case In v;hlch the secondary worker is eligible 
for the wage subsidy follows simply by reversing the labels on the and 
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axes m Figure 2. Analysis of cases in which both family workers have market 
wages which render them eligible for the wage subsidy is very complex. The bud- 
get constraint facing a family under such circumstances would consist of portions 
of five budget planes. ' Unfortunately, such a surface would introduce the possi- 
bility of positions in which there were three equilibrium points. Design of 
tests to differentiate between such multiple equilibria would be most difficult. 
The case in which both workers were eligible for the wage subsidy was simulated 
by first attributing potential participation in the subsidy to the worker for 
whom the subsidy per hour would be largest given the prevailing market wage, tken 
the final equilibrium of the family is analyzed as described above. 

The analysis of multi-worker family participation in the public employment 
program proceeds in a manner analogous to the simulation of the wage subsidy. 
Figure 2 can be reused to analyze family labor supply when only the primary 
worker is eligible for public employment. The initial plane could be repre- 
sented by abed. Net family Income for public employment participants- not sub- 
ject to the earnings surtax would be given by: 



(11) 



Y - 3.00H.P + WV + .5y" + G. 



This is the equation of a plane displaced from the initial plane much as efgh is 
displaced from abed in Figure 2. Labor pply responses associated with the 
budget constraint in equation 11 will be equivalent to those associated with a 
primary worker wase subsidy equal to (3.00 - W^) and an income transfer of G-.5Y 5 

(12) - hP(3.00, W^. .5y" + G) 

- h^(W^ 3. 00, .5y" + G), 
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Finally If family earnings were above the earnings disregard, D^,, the appro- 

lA 

priate budget constraint would be given by: 

(13) Y « O,75(3.O0hP + wV) + .25D^ + -SY"^ + 

Ihe plane generated by equation (13) relates to the other two planes as plane 
wxyz relates to the other planes generating the budget surface in Figure 1. 
Equation (13) implies that the family supplies labor as if confronted with a 
wage tax equal to w'^ - 0.75 x XQQ dollars per hour and receives an Income 

transfer of .25D^ + G - •Sy'^ dollars per year. The resulting supply equations 

for this public employment tax-back segment of JOIN are: 

(lA), hP « hPCQ,75 X aOO, W^, .SY"" + ,25D^ + G). 

H® « h^CW^, 0.75 X 3,00, .5Y^ + ,250^^ + G) 

To complete the analysis of supply responses of families eligible for public- 
employment, we use techniques for dealing with supply along or around lines 
where planes intersect analogous to those developed for the wage subsidy simu- 
lation. The case of secondary eligibility is handled symmetrically to primary 
supply analysis. Finally, cases of multiple eligibility for public employment 
or mixed wage subsidy-public employment eligibility were simulated by testing 
first to determine which worker could receive the largest absolute subsidy per 



For type 5 families Y = .065(3. OOH^ + W H ) + .5Y^. Also, since » 0, 
i « 3.5, ^^quation (11) does not apply. Individuals participate in public 
employment only if their market wage is belov the public employment wage net 
of the earnings surtax. 



5.52 



iian-hour. Family labor supply responses were then simulated assuming that only 
the worker getting the largest subsidy was eligible for participation in JOIN. 



A DIFFUSION ANALYSIS OF PARTICIPATION IN THE AID TO 
FAMILIES WITH DEPENDENT CHILDREN (AFDC) » PROGRAM BY STATES 

by Peter M. Greens ton and C. Duncan MacRae 



Abstract 

The significant growth in the AFDC program during the 1960 's 
has been attributed to growth in the nuinber of families eligible 
for the program and the rate of participation by those who are 
eligible. In this paper a model of AFDC participation in twenty 
states over the period 1960-1973 is developed which allows for 
both change in the number of eligibles and in the participation 
rate over time. The number of families eligible for AFDC is a 
function of the number of female-headed families and the level 
of unemployment. Participation is the result of the diffusion 
of information from those participating to those who are not 
but who are eligible for the program. For almost every state, 
the model does an excellent job, tracking not only upturns but 
also downturns. It not only predicts participation, but also 
estimates eligibility so that participation rates can be derived. 
Since changes in these rates have influenced the level of parti- 
cipation in most of the states, it is concluded that the diffu- 
sion of information along with the growth in eligibility has 
played an Important role in explaining the growth of AFDC. 
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A DIFFUSION ANALYSIS OF PARTICIPATION 
i IN THE AID TO FAMILIES WITH DEPENDENT 

CHILDREN (AFDC) PROGRAM BY STATES* 

by Peter M. Greens ton and C. Duncan MacRae 
The Urban Institute 

The number of families participating in the AFDC program surged upward 
in the decade of the sixties. In 1960, there were 0.8 million participating 
families, while by 1970 there were almost 2.6 million families. The rate of 
growth from 1962 through 1966 fluctuated but was relatively unexceptional, 
averaging 4.1 percent. Subsequently, however, it increased each year through 
1970, climbing from a rate of 15.1 percent to 36.1 percent. Finally, it 
slowed down in 1971 to lA percent, to 7 percent in 1972, and to less than 1 
percent in 1973. 

A large proportion of the national increase has occurred in a handful of 
states -- on average, twelve states have accounted for 7A percent of the 
1960-1970 Increase, and twenty states have accounted for 85 percent." Rates 
of K^owch, however, have not been uniform across these states. Some exhibit 
the national pattern, some are still accelerating, • while othe's have already 
registered negative rates of increase. It is this diversity which makes an 
analysis of tho growth of AFDC, at least at the state level, mandatory. 

A multiplicity of factors has been advanced to explain the increase in 
the number of AFDC recipients. In general, participation levels may grow 
through an increase in the (demographically and financially) eligit ^ popu- 
lation or through an increase in the rate of participation by those .^ready 
eligible. Closely asf^ociated with growth in the eligible population is an 



increasing number of female-headed families, whether growing independently 
or as the result of increasing benefit levels; an increase in the unemployment 
irate and consequent difficulty in finding low-skill employment by both male 
workers and female heads; increasing state standards of need which expand 
eligibility up the income scale; and changes in program eligibility rules. 
Including eligibility for new groups and more liberal acceptance procedures 
by iocai agencies. Increased rates of participation are brought about, by 
increases in the amount of information about a rrogram circulating within a 
community as well as changes in community norms. 

Surprisingly, there have been relatively few studies of the growth of 
AFDC. Rather, most of the research has focused on explaining the level of 
participation in a cross-sectional framework and then inferring from this 
static framework the factors most important in explaining growth. These 
studies fall into two groups. The earlier work of Collins [A] and Lurie [10] 
attempts to explain the level of participation by social, econor^ic and program 
factors, in explaining the ALC recipient rate (the number of child recipients 
per 1000 persons in Lae eligible age group) in I960, using states as obser- 
vations. Collins attributes her "relatively weaker" than expected" results to 
state control over eligibility and standards coupled with diverse social 
structures and attitudes. Implying that non-quantifiable factors may loom 
large in determining the dependent variables, Collins' analysis does indicate, 
however, the importance of understanding the role of eligibility tuies as 
prerequisite to explaining recipient rates, and the corresponding necessity 
of distinguishing between eligibility and participation phenomena. 

In a comparison of 1960 with 1966 levels of participation, Lurie attri- 
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butcd approximately 40 percent of the increase (in the number of AFDC families) 
to eligibility factors and implied that the remainder was due to an increased 
demand for AFDC by existing eligibles. During the subsequent period, It would 
seem that an increased demand was as much of a factor as before. This was a 
period of agitation by civil and welfare rights groups to get people onto the 
rolls, and a time when welfare lost its stigma and became a "right." Boland 
[2, pp. 15-24] estimates that the participation rate for all types was 56 
percent in 1967, and 78 percent in 1970. In fact, the rate for female-headed 
families increased from 63 to 91 percent. This notion of an increasing level 
of awareness within the community is further supported by the fact that AFDC 
participation grew relatively rapidly in metropolitan areas where information 
is easily exchanged, even though poor female-headed families (albeit a suspect 
proxy for eligibles) grew slowly in metropolitan areas relative to non- 
metropolitan areas. 

Recent research by Honig [8] and Durbin 15] explore the relationship 
between the AFDC program, eligibility, and participation. From their work we 
can infer that both growth in the eligible population and an increase in the , 
rate of participation have been in evidence during the last decade. Using a 
cross-section of SMSA*s, Honig measures the extent to which the program has 
increased the number of eligibles — by inducing the formation of female- 
headed families — and then estimates the participation response to higher 
payment levels that is due to larger numbers of welfare-induced female heads. 
She found that increases in the AFDC stipend increased participation directly 
and by inducing an increase in the formation of female-headed families. 

Durbin's model of New York City health di.qtricts is the most comprehensive 
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In that participation is dependent upon economic and demographic factors and 
the xxxmhcr of female-headed families which itself is a function of welfare, 
labor market, and social parameters. She suggests that increases in the number 
of women of child bearing age, especially among non-whites, and the automatic 
expansion of the financially eligible population as standards of need have in- 
creased, have contributed to the growth of AFDC. Relaxation of administrative 
stringency as reflected in falling rejection rates and the increased size of 
welfare benefits relative to market earnings (which also affects the rate of 
formation of female-headed families) have also acted to increase participation. 

The purpose of this paper is to develop a time series analysis of AFDC 
grcx^th by focusing on the implicit diffusion of information about the program 
from participants to nonpar ticipant eligibles throughout the community. Al- 
though the number of eligibles is not an observable variable (i.e., it cannot 
be measured easily), we hypothesize it to be a function of economic and demo- 
graphic variables and do derive an estimate of it from the model. Saks [11] 
and Rydell [12] have also developed time series models of AFDC participation 
in New York City. Their models rely on social, economic, and programmatic 
variables just as the cross-section work does, but they do not deal explicitly 
with what we believe is central — the program-eligibility-participation 
relationship. 

I. ELIGIBILITY AND PARTTCIPATION 

Eligibility and participation are different phenomena and ought to be ex- 
plicitly distinguished, especially in an analysis of the growth of AFDC. 
Beginning in 1961 demographic eligibility was extended in several states from 
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female-headed families with dependent children to male-headed families with 
dependent children in which the head is unemployed. This set of families 
is known as the unemployed parent (UP) segment.^ In 1968, the Supreme Court 
abolished the "man-in-the-house" rule so that an additional set of male-headed 
families (in the Census definition) become demo graphic ally eligible. The Court 
struck down a one-year state residency requirement in 1969, and thus increased 
the number of male- and female-headed eligible families. A family is finan- 
cially or economically eligible if its total income is less than the appro- 
priate break-even level determined by its earnings, unearned income, and a 
host of state established parameters. In the subsequent discussion, eligibility 
connotes both demographic and financial eligibility. 

We hypothesize that at a particular time not all eligible families are 
participating because not all of them know about the program, and that it is 
the diffusion of information which has increased the rate of participation 
over time. Moreover, we implicitly asRuuxe Lhat once sufficient information is 
available, the eligible family does participate in the program. Accordingly, 
the task is first to specify a relationship between eligibility and the deiPO- 
graphic, social, and economic factors which influence it, and then to simulate 
the flow of information from participants to eligible nonparticipants. 

" Demographic eligibility is satisfied by a family with dependent children 
if (i) the head is a female; or if (ii) the head is an unecployed father and 
the family lives in a state with a UP program, or the head is an incapacitated 
father; or if (iii) the head is a male and no spouse is present. Children 
living with relatives other than parents are also demographically eligible. 
As mentioned already, families in which the male is not the father of the chil- 
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dren and bas no legal requirement to support theni are also demographically 
eligible. 

Financial eligibility is determined by the same variables which underlie 
the traditional raicroeconomic income- leisure analysis. This framework, In 
fact, has been applied to the General Assistance Program by treating it as a 
negative income tax.^ The decision of how much labor to supply to the market 
depends upon market wage rates (and earnings) relative to AFDC subsidies and 
tax rates, and individual preferences for work vis-a-vis welfare (leisure). 
As a first approximation to the determination of eligibility, we assume there 
is a reduced form equation which relates the number of eligible families to 
certain demographic and economic variables as follows: 

(1) " ^o ^l^^t ^2'^t^"^t ^3"t ^4^t^"t ^5^' 

where t refers to the time period in quarters (I, II, III, IV), E denotes the 
number of eligible families, and the other variables are defined below. Since 
a complete enumeration of the demographically eligible families in any period 
t is not feasible, and since the bulk of participating families are composed 
of female-headed and UP segments, we assume that the number of demographically 
eligible families for the period 1960-73 is a linear combination of the number 
of female-headed f amilies~(FHF) , the number of unemployed people (U) reflecting 
the size of the UP segment, and an additional proportion of the FHF population 
from 1968III - 19731, which is assumed to be highly correlated with the number 
of "man-in-the-house" families, where = 0 for 19601 - 1968II, and = 1 
for 1968III - 19731. The number of financially eligible families is assumed 
to be related to the level of unemployment as a proxy for the likelihood that 
a demographically eligible family is a poor family, to the average expcndi- 
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ture per AFDC family relative to the average manufacturing wage rate which is 
used to measure the attractiveness of welfare relative to market work and is 
denoted by B/W. and to the state standard of need, S, which is presumably 
correlated with variation in the income exit level of the program. - 

Consider now the diffusion of information from participants to eligible 
nonparticipants (i.e.. potential participants). In particular, we assume that 
all participants are linked with all potential participants in a social struc- 
ture where a constant proportion B of possible contacts per period lead - 
new participants. Since the number of possible contacts in any period is 
the product of the number of participants and the number of potential partici- 
pants, we can express the change in the number of participants during period t 



as : 



(2) P, - Pt_i = BP,_i(E, - P,_i) . 

where = number of eligibles at the beginning of period t, P^ = number of 
participants at the end of period t, and 3 = the proportion of possible con- 
tacts which lead to new participants. The prcbabiliLy of participating is 
given by 

(3) (^,-\,^)/i^,.-Jt.i>-^\-V 

so that. the inverse of BP,_i can be interpreted as the mean duration of non- 
participation by an eligible. This equation highlights the two opposing force 
at work in the diffusion process. Relative to the number of eligibles, an 
existing large number of participants means a large storehouse of information 
about the program; but it also means fewer potential participants from which 
to draw new members. Note that the model is capable of predicting a downturn 
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In participation (i.e., a negative change). This would occur when the number 
of participants at t-1 exceeds the number of eligibles at t. It should also 
be noted that in our formulation (as expressed by (1) and (2)) we implicitly 
assume that those who lose their eligibility in period t are replaced by former 
participants who regained their eligibility in period t. 

H. SOCIO-ECONOMIC DATA 

As in any inherently continuous process which must be modelled discretely, 
there is a problem of measuring the variables and defining a meaningful period 
of analysis. We chose to use quarterly values for P^.. E^., and the exogenous 
variables FHF^, U^, Bj./W^, S^.. We believe that one year periods are too long 
for capturing a diffusion phenomenon, but that monthly intervals are apt to 
be too short given the administrative delays in getting into the program. 
Hence, we compromised on quarters. 

Data on the number of AFDC participant families by state (with the UP seg- 
ment also reported separately) are available on a monthly basis so that quarterly 
averages can be readily formed. The primary source is the U.S. Department of 
Health, Education and Welfare Public Assis tance Statistics. Annual data on 
the number of female-headed families is available in published form for the 
nation, and for each state in the Census years 1960 and 19Z0.. Since each 
state's share of the national total is known in 1960 and 1970, we performed a 
linear interpolation to estimate the shares for the non-Census years. Quarterly 
values are obtained by assuming a constant rate of growth between successive 
annual observations. Data on the level of insured unemployment is available 
for each state on a monthly basis from the U.S. Department of Labor Unemployment 
Insurance Statistics . Average payments per family are also published monthly 



in the Public Assistance Statistics . Annual wage rate data in manufacturing 
is published by the Bureau of Labor Statistics. We assumed constant quarterly 
levels between annual changes. A preliminary set of consistent estimates of 
state cost standard data was made available by the Social and Rehabilitation 
Service, HEW. 

III. DIFFUSION MODEL 

In order to estimate the rate of diffusion, as expressed by (2), we in- 
corporate the relationship for eligible families, (1), into (2) since data on 
actual numbers of eligible families are not available: 

(4) P, - P,.i = bp2_^ + c^P^_^ + c^P^.,FHF^ 

+ c^P^.^D^FRF^ + C3P^_^U^ + c^P^_,B^/W^ + C3P^_^S^ + v^, 

where b = -B, = a^B, i = 0 5, and v^. is an error term assumed to have 

a zero mean and variance proportional to the square of P^. - Pj._j^. This is 
concistent with the assumption that in a model purporting to explain the level 
of participation, the corresponding error term (due to measurement and specifi- 
cation errors) increases with the level, let's say is proportional to the square 
of. the level. HencQ, the_error variance in a model explaining changes in the 
level would be proportional to a difference of squares. 

The model is exactly identified in the sense that the a^'s and the 3 can 
be uniquely inferred from the c^'s so that tiie number of eligible families is 
predicted by 

(5) Ej. = c^/-b + (c^/-b)FHFj. + (c^/-b)Dj.FHFj. + (c^/-b)U^ 

+ (c^/rb)Iij./Wj. + (c^/-b)S^. 
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In any period, accordingly, we predict a rate of participation 

To cll-ninate the assumed heteroscedasticity of the error term in (A) , we 
rewrite the equation and estimate a percentage change rather than a level 
difference: 

(6) (F, - Pt-i)/Pt-l = % '^l^"^ 

+ C2D^FHF,. + C3U^ + c^B^/W^ + c.S^ + e^, 

where Ej. has constant variance. Moreover, the suspected presence of seasonal 
fluctuations in the dependent variable beyond those accounted for by the in- 
sured unemployment variable suggests that we introduce seasonal dummies into 
the equation, D^, D^^, D^^^, D^^ where they are constructed to satisfy 

r> j-on +cD +cD =0. For convenience the dependent 

variable is also transformed to express annual percentage changes, although 
the underlying behavioral period is still the quarter. The final form of the 
estimating equation is 

(7) 41n(P^/P^_i) = bP^_^ -i c^ + c^l-HF^ + c^D^FHF^ 

+ C3U^ + c^B,./W^ + C5S^ + c^D^^^ + c^D^^^^ + CgD^^^^^ + c^D^^^^ + e^. 

Where the reader may recall from the calculus that (^t-^t-l^ ^^t-1 " ^^^^ " ^^'"^ 
for small changes, and that dP/P = dln(P) = InP^. - lnP^._^ = InCP^/Pt-i)- 

IV. PABAMETER ESTIM.\TES AND STRUCTURAL CHANGE 

In estimating (7) using ordinary least squares methods, we found that the 
measure of the relative attractive-ss of welfare, B/W, was highly correlated 
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with FHF so that precise estimates of both parameters was not possible. These 
high correlations are consistent with the formation of program induced female- 
headed families reported by Honig in cross-sectional work. The cost standard 
and FHF variables were also collinear and, moreover, this apparently produced 
negatively signed coefficients for $• This could also indicate that use of 
the cost standard variable may reflect welfare policy reaction to the grox^th 
in the number of participants rather than measuring the effect of increasing 
cost standards upon participation^ In view of the multicollinearity just des- 
cribed, B/W and S were eliminated from the estimating equation. 

We also tested the effects of alternative assumptions regarding the lags 
with which participation responds to eligibility in (2) and with which eligi- 
bility responds to the socio-economic variables in (!)• In general, however, 
estimates based on the alternatives were insignificant or of the incorrect 
sign. Thus we conclude that E responds without lag to FHF and U, while growth 
in participation is the result solely of current interaction of participants 
and eligible noiiparticipants. 

Parameter estimarns are presented in Table 1 for the twenty largest AFDC 
states. In sixteen states, both the growth of eligible families and the diffu- 
sion of information played important roles as indicated by positive coefficients 
significantly different fr^m":Jero on one or more of the eligibility variables — 
FHF, DFHF, U — and a significantly negative coefficient on the lagged parti- 
cipation variable, implying a positive coefficient of diffusion. Foxnale- 
headed families and the unemployment level were significant explanations of 
eligibility growth in all but two of the sixteen, while in ten of them the 
assumed structural change brought about by the •Wn-in-the-house*' families 
was of the expected direction and statistically significant. 
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In tho states oi Massachusetts, New Jersey, New York, and Kentucky, diffu- 
sion of information did not play a significant role (and in New York it even 
operated insignificantly in the "wrong" direction), nor in general did growth 
m the number of eligible families (with the exception of significant struc- 
tural change in Massachusetts and New Jersey) , In fact the unemployment level 
appeared with the "wrong" sign in all four states. The possibility of more 
pervasive structural changes In these states than that envisioned and incor- 
porated into the DFHF variable was investigated. The explosive growth in AFDC 
from approximately 1968-1970 may have been the result of compounding factors. 
The drive to get people onto the rolls, eligibility for "man-in-the house" 
families, and state policies which produced falling rejection rates all came 
together around 1967-1968, Since specification of the effects of all these 
interactions was not feasible, we resorted to a more general hypothesis - 
that of a change in the parameters in the underlying eligibles and diffusion 
equations as between two periods rather than different vari >ble specifications 
in each period. The observation period was, therefore, divided 1968 and the 
parameter estimates for each subperiod are also reported in X'.ble 1 for these 
states with the earlier period denoted by "a" and the later period by "b". 

In Massachusetts, the diffusion of information did not play a statistically 
significant, role in either_period. Growth in the number of eligible families 
did play a significant role through FHF in both periods and U in the later period, 
although female-headed fanilies acted in thp wrong directiuu in the later per- 
iod and testing did not reveal this to be a case of multicollinearity. Peti- 
tioning the observation period in New Jersey produced significant coefficients 
of the correct sign for all the variables in the earlier period and wrong signs 
on all the coefficients in the later period. Evidently diffusion and eligi- 



6.14 



ERIC 



bility growth, as portrayed, were quite Jmporf.ant Into 1S68 at which time a 
structural shift occurred which the model cannot explain. To determine if -he 
brief experimentation with the UP program In 1969-71 was a factor, we excluded 
these UP families and tested the model; the results were not altered. In New 
York, just the reverse occurred. In the later period, diffusion and both 
eligibility variables were significant factors, whereas in the earlier period 
only the unemployment level was significant (and. In fact, the diffusion para- 
meter has the Incorrect sign) . Exclusion of the UP segment in the earlier 
period did not alter the results. Hence, there appears to have been a struc- 
tural shift in 1968 which more nearly corresponds to our view of the AFDC 
growth process than the relationships which prevailed In the earlier period, 
la Kentucky, diffusion of information did not play a significant role in 
either period, while growth in eligibility was significant in only the earlier 
period. 

The proportion of variance explained, R^, ranges from a low of 34 percent 
to a high of 86 percent, with thirteen states between 5U and 70 percent. In 
thirteen of the states, the standard error of the esttoate (S.E.E.) is smaller 
than the mean of the dependent variable. The Durbln-Watson (DW) values indi- 
cate significant positive serial correlation in half of the sfates and there- 
fore large variance of the-.coef f Iclent estimates though the estimates are un- 
biased. Testing Indicated that the autoregresslve scheme was not a simple 
first-order one, and so we hesitated to correct .or the serial correlation in 
view of the fact that so little is known about the resulting estimates ~ there 
is no guarantee that the result is any better than the uncorrected estimates. 
Finally, it should be noted that the seasonal dummies were statistically signi- 
ficant as a group at the five percent level in only five states. Apparently 
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the insured unemployraent variable accounted for any seasonal variation in the 
number of participating families. 

Having estimated growth in participation as a function of past participation 
and the number of eligible nonparticipants, we can infer the ider lying rela- 
tionship between eligibility, f emale-headcdness, man-in-the-house families, 
and unemployment as described in (5) using the parameter estimates of (?)• In 
Table 2 these derived coefficients of (1) are reported along with their con- 
fidence intervals. Confidence intervals for these parameters derived from the 
ratios c^/-b depend upon the variance of the numerator and denominator as well 
as the covariance between them. Typically the intervals will be asymmetrical 
around the point estimate. By the very nature of the variables we might expect 
that increases in FHF, DFHF, and U would be associated with less than propor-- 
tionate changes in the number of eligibles. Indeed, this is the case for DFHF 
and U. We found, however, that in most states (exceptions were Alabama, Louisiana, 
New Jersey a.. New York b.. North Carolina, and Washington) an increase in the 
FHF variable is associated with a relatively larger increase in the number of 
eligibles. An explanation which is supported by the multicollinearity pre- 
viously discussed is that the FHF variable reflects not only growth in female- 
headed families but also increasing benefit levels, expanding state cost standards, 
and other variables which undoubtedly contributed to eligibility growth but were 
not included in the model as estimated. 

V. HISTORICAL ANALYSIS 

Rather than describe and plot the observed and predicted values of the de- 
pendent variable over the period 1960-73, we thought it would be more valuable 
and a better test of the model to track the observed values. The difference 
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between this and calculating predicted values is that in tracking the number 
of participants in period t, P^., we use the value of V predicted by the 
model rather than the observed ? as would be done in calculating predicted 
values and residuals from the regression model. In other words, our ability 
to track is a function of our ability to track V^_^, which in turn depends 
upon our ability to track ?^_2> etc. This can be seen by deriving from (7) an 
expression for P^t 

(8) P^ = P^_iexpi.25(bP^_^ + c^ + c^FHF^ + c^D^FHF^ + C3U^ + c^D^^^ 

+ ^7^II.t-' Vlll.t-' VlV.t>^ 

The system is initialized by setting Pj^ggQj equal to the observed value and 
tracking from 1960II through 19731. The value of P predicted in period t is 
inserted on the right side of the equation when tracking in period t+1. For 
the four states in which the observation period is split, the tracking is 
reinitialized in 1968III. 

In a comparison of the observed number of AFDC families and the tracked 
values the model does an excellent job. Errors are rarely more than a few 
thousand. Moreover, the model does a good job tracking dovmtums. As men- 
tioned earlier, it accomplishes this by producing a negative (E^ - P^.j^) which 
when multiplied by 3 gives a negative percei.rage change from period t-1 to t. 
For example, consider the model's capability to track in a representative 
state such as Illinois. In Table 3 we present data for the observed number 
of participating families, the tracked values, the derived number of eligibles 
(from (5)), an estimated rate of participation, and an estimate of the average 
elapsed time between eligiblity and participation. Negative estimates of 
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eligibility, participation rates, and mean nonparticipation times are theo- 
retically impossible and are replaced by asterisks when they occur. The same 
information is presented graphically in Figure 1 to illustrate the logistic 
nature of the AFDC growth process. Actual participation is plotted by 
tracked participation by "X". and derived eligibles by "0"; coincidence of 

values is plotted by "$". 

For Illinois in the 1960-73 period there are 12 downturns in AFDC parti- 
cipation - 2 occur in 1962. 3 in 1963. 2 in 1964. 2 in 1965. and 3 in 1966. 
Of these 12. the model successfully tracks the downturn in 8 cases. To work 
through one case, participation fell from 56.516 families in 1964II to 55.271 
families in 1964III. Correspondingly we find that the predicted number of 
eligibles fell in 1964III presumably from a decrease in unemployment so that 

E is less than the predicted number of participants in 1964II. i.e.. 

1964X11 

the pool of eligible nonparticipants is negative: 51,715 - 56.632; accordingly, 
the predicted number of families falls from 56,632 to 56.481 in 1964III. 

The derived number of eligible families is that estimate defined or con- 
strained by (1) which most closely simultaneously supports the participation 
behavior posited in (2). The estimates of are reasonable for all the states 
with the exception of New Jersey in the later period and New York in the Earlier 
period.- In these cases one-oc- more of the estimated parameters in (7) are of 
the incorrect sign and sufficiently Important (relative to the other coeffi- 
cients) to produce estimated E^'s which are negative. However, these estimates 
best explain participation and so we find that the corresponding tracked values 
are quite close to the observed number of participating families. In many 
of the states we note that there is a sizeable jump in E at observation 35 
(19681II). This corresponds to the assumed increase in the number of eligible 
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families brought about by the "man-in-the house" families and signalled by 



Dj.FHFj.. 



Unless there Is fraud, estimates of the rate of participation should not 
exceed unity, but as mentioned already when following downturns the pool' of 
eligible nonparticipants becomes negative (E^. - V^_^ < 0) so that we may find 
the corresponding rate of participation (P^/E^) larger than unity. Accordingly, 
in order to obtain an overview of the trends, if any, in participation rates 
over the period, we must exclude periods during which participation has been 
falling and also discount the fall in participation rates which corresponds 

to the jump in E in 1968III. 

Thers are four basic patterns discernible. In California, New Jersey, 
Pennsylvania, and Maryland rates of participation have unambiguously increased 
in the period. In ten of the states (Florida, Louisiana, Massachusetts. New 
York, Alabama, Mississippi, Missouri, North Carolina, Tennessee. Washington) 
the rate of participation is constant to increasing. In Georgia, Michigan 
and Texas the rate of participation declines and subsequently increases during 
the period. Illinois, Ohio, and Kentucky are characterized by fluctuating 
rates without a dominating trend. These patterns, along with the estijnated 
parameter results, suggest that not only was diffusion of information a factor 
in explaining the growth inn^articipation levels but also in-many of the states 
it manifested itself in increasing rates of participation. 

Finally, the last column of Table 3 reports the mean nonpar ticipation 
time, i.e. (3Pt-l^~^' ^" ^^^^ ^" Illinois. It should be noted that we observe 
a falling series in all states^ which reflects rising participation levels and 
hence increasing probabilities of contacts between participants and eligible 
nonparticipants . 
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VI. CONCLUSIONS 



The significant growth in the number of families participating in the 
AFDC program during the 1960's has been attributed to growth in both the number 
of families eligible for the program and the rate of participation by those 
who are eligible. In this paper, we have developed a two equation model of 
AFDC participation which allows for both change in the number of eligibles 
and in the participation rate over time. The nuiaber of families eligible for 
AFDC in a state is assumed ultimately to be a function of the number of female- 
headed families and the level of unemployment. Participation is then assumed 
to be the result of the diffusion of information regarding the existence of 
the program from those participating to those who are not but who are eligible 
for the program. 

Since the number of eligibles is not directly observable, the eligibles 
equation was substituted into the diffusion equation and the parameters of the 
resulting equation estimated by ordinary least squares. Separate parameters 
were estimated for twenty states, which account for 85 percent of AFDC parti- 
cipation, using quarterly time-series data for the period 1960 through 1973. 
With a few exceptions, growth in the number of eligible families and the 
diffusion of information played statistically significant roles in explaining 
the growth of AFDC in each state. 

The model was evaluated by using the estimated equation for each state to 
predict AFDC participation (during the period of estimation) given only the 
actual values of the variables in the Implicit eligibles equation and an 
initial value in 19601 of AFDC participation in the sta. .. For almost every 
state, the model does an excellent job. tracking not only upturns but also 
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dovmturns - when they occur - as veil. Moreover, the model not only predicts 
participation during the period, but also estimates eligibility as well. For 
one group of states we observed an increasing rate of participation over time; 
for a second group, a constant to increasing rate; for a third group a rate 
that declined and subsequently increased; and for a fourth group a rate that 
fluctuated. Changes in the participation rate influenced the level of parti- 
cipation in most of the states and we conclude, therefore, that the diffusion 
of information along with the growth in eligibility has played an important 
role in explaining the growth of AFDC. 

We believe that the model would be significantly i^nproved if eligibility 
was derived not from a single reduced form equation but from a system of 
Structural equations describing the interaction between AFDC eligibility and 
labor supply. Never^theless. the time-series model in its existing form both 
demonstrates the importance of the diffusion of information regarding a gov- 
ernment program in determining its effect and does a better job of explan- 
ation than previous cross-section models. 
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1. The top twelve states are: California, Florida, Geoi-gia, Illinois, 
Louisiana, Massachusetts, Michigan, New Jersey, New York, Ohio, Penn- 
sylvania, and Texas. The remaining eight are: Alabama, Kentucky, 
Maryland, Mississippi, Missouri, North Carolina, Tennessee and Washington. 

2. The states - among the twenty analyzed - which adopted a UP program are 
Illinois (1961- ), Massachusetts (1961- ), New York (1961- ), Penn- 
sylvania (1961- ), Maryland (1961- ), Washington (1961-62, 1963- ), . 
North Carolina (1962-63), California (196A- ), Michigan (196A- ), 
Ohio (1964- ), Missouri (1968-71), New Jersey (1969-71). j 

i 

3. See the conceptual and empirical analyses by Brehm and Saving [3] and 
Kasper. [9]. 

A. Change and the diffusion of information is an important concept in the 
social sciences. In an early econometric study Griliches [6] employed 
logistic growth functions (essentially the integral of the rate of change 
formulation used in this paper) to study past and current rates of the 
use of hybrid corn in various districts in the U.S. In sociology, Hamblin 
Jacobscn, and Miller [7] describe the forms of social adaptation, diffu- 
sion, and innovation processes which characterize social change and 
empirically test their propositions. Bernhardt and Mackenzie [1] formu- 
late diffusion models to study the marketing of new products. 

5. See R. Wonnacott and -Wonnacott, Econom e trics , New York: John Wiley 
and Sons, 1970, pp. 132-1A3, for a discussion of problems arising from 
serial correlation. 

6. Tables and figures analogous to Table 3 and Figure 1 are available for 
all twenty states upon request from the authors. 

7. In Kentucky and Massachusetts there is a jump between the "a" and **b" 
periods because $(a)>3(b). 
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« 

by C. Duncan MacRae and Anthony M.J. Yezer 
Abstract 

This paper demonstrates that labor supply effects of a pro- 
gressive income tax on a multi-worker family can be analyzed 
as a combined wage tax and income transfer specific to each 
tax bracket. The wage tax equals the marginal rate paid on 
family income while the income transfer equals net savings 
from not having to pay tax at this high marginal rate on all 
earnings. At intervals where tax rates change the family 
departs from its reduced form supply equation entirely. 
These results limit the implications of survey research and 
suggest modifications in procedures for estimation and simu- 
lation of supply relationships. 
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THE PERSONAL INCOME TAX AND FAMILY IJ^BOR SUPPLY* 

by 

C. Duncan MacRae Anthony M.J. Yezer 

Thf^ Urban Institute Geojrge Washington University 

Th« traditional theory of family labor supply based on utility maximi- 
zation subject to a budget constraint implies that there is a reduced form 
relationship between hours supplied by family members and the market wages 
of individual workers and family non-labor income. Using this theory. Rosters 
[11] has analyzed effects of the personal income tax on family Icbor supply 
by converting the tax into a change in wage rates at the marginal tax rate. 
This technique Is appropriate for a proportional tax but not for a progressive 
income tax in which average and carginal rates diverge. 

Using other approaches to the determination of labor supply behavior. Hall 
17] and Wales [12] have developed appropriate procedures for dealing with the 
effects of a personal income tax. Hall develops a .)del in which labor supply 
is a function of primary and secondary worker wages and family whole income, 
where whole income is the sum of non-labor income and family earnings calculated 
under the assumption that each worker is employed full time. Hall adjusts 
for the presence of the personal income tax by iaterpreting the tax as a com- 
bined wage tax at the marginal tax rate and lump sum tax reducing whole income. 
The lump sum tax is equal to the total tax that would be paid if gross income 
were equal co whole in.:ome and if the prevailing marginal tax rate remained 
conrcant for all higher levels of income. Following Cooper [5], Wales [12] 
handles a progressive income tax by maximizing an explicit utility function 
wor a single worker family subject to a budget constraint that includes the tax 
schfcd.ae. He rejects the reduced form estimation approach, because "it is not 
clear how the after-tax wage rate and the gross wage rate would be incorporated 
in an ad hoc reduced form regression analysis." 
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The purpose of this paper is to present the generalized analysis of re- 
duced form labor supply functions in the presence of a progressive income tax. 
We demonstrate that within income intervals for which the marginal tax rate 
is constant the family supplies labor as if it were subjecu to a wage tax 
combined with an income transfer. The wage tax is equal to the marginal tax 
rate on family income while the income transfer is equal to net tax savings 
from not having to pay tax at this marginal rate on all earnings. At boundaries 
between intervals, where there is a discontinuous change in marginal tax rates, 
the income tax cannot be translat'ftd into a change in wage rates or unearned 
income because family labor supply is not based on the equality of marginal 
conditions for utility maximization. Instead, the utility-maximizing labor 
supply is that which maintains constant family income ,at i-he boundary. 

In the first section of the paper, single worker families are analyzed. 
The results are extended to the case of a multi-worker family in the second 
section. Finally implications of the theoretical analysis for empirical esti- 
mation and r.imulation of labor supply functions are drawn. 

I. LABOF SUPPLY OF THE SINGLE-WORKER FAMILY 

The family labor supply model is based on a family utility function with 
total income and hours of leisure of all family members as arguments.^ In 
general not all family members can be regarded as potential workers. Child 
labor lav7S, other institutional restrictions, and the prevailing structure of 
wage rates make participation by some family members extremely unlikely. The 
analysis in this section considers a family with only one potential worker. The 
family utility function implicitly assumes a social welfare function intetiiai. 



to the family unit weighting; utility of all family members so that we can write: 

(1) U = U{L,Y}, 

where L is lei.sure of the single potential worker and Y is real family income. 
The family utility function generates indifference curves in (L,Y) space, as 
shown in Figure 1. 

The family is assu, ed to supply labor so as to maximize utility subject to 
a budget constraint specifying attainable combinations of income and leisure: 

(2) Y = W(K--L) + y'^ « WH + Y^, 

wher. W is the worker ^s market wage, H is the number of hours worked, K is the 
number of potential hours available for v/ork and leisure, and Y^ is unearned 
income. Equation (2) describes the family budget constraint under the implicit 
assumption that each worker faces a single market wage known with perfect cer-- 
tainty and the level of work effort is completely flexible. Workers may have 
some difficulty choosing the hours they work. But ever a period of one year 
they can always adjust their . ,erage level of work effort through periodic 
withdrawal from the labor force so that the actual number of hours worked is 
flexible- Housework and other home labor services are regarded as a component 
of leisure activity increasing family utility in a manner analogous with other 
uses of leisure time. The process of maximizing family utility subject to a 
budget constraint such as (2) is illustrated in Figure 1 by the tangency of 
indifference curve I2 with budget line abc. 

I 

(3) H = K-L - U(W,Y^}. 



7»4 



Figure 1 

Budget Constraint Of A Single-Worker Fainily Gross 
And Net Of A Progressive Income Tax 
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The influence of wages on labor supply consists of the familiar combination of 
a compensated wage rate effect known a priori to be positive and an income effect 
based on changes in earnings presumed to be negative if leisure is not an in- 
ferior good. Empirical estitnates of equations such as (3) indicate that the 
uncompensated wage rate effect often varies inversely with wages, becoming 
negative at high wage rates and, hence, producing labor supply curves that hend 
backward at high wage rates. 

Now consider the imposition of an income tax whose marginal tax rates increase 
with gross income. If t^ is the marginal tax rate associated with gross income 

G in the interval between G^ and G^^^ for i = 0,1 we can express total tax 

liabilities, T^^, associated with this level of gross income as: 

i-1 

(A) T^{G} = t^(G - G^ + t.{G. - G._p = t^(G - G^) + ^^^iG^h 

where T^{G is the total tax liability associated with gross income G, Tj^.^i^^} 
is the total tax liability on gross income up to G^ and G is gross income such 
that G^+i^G>G^ and Tq = G^^ = 0. 

Although no explicit attention will be given to exemptions, deductions or 
adjustments in gross income important in the calculation of taxable income, such 
adjustments can be incorporated in the analysis by appropriate choice of marginal 
tax r^tes and gross income interva"" to which they apply. For example, exemptions 
can be interpreted as a marginal tax a zero rate on the interval of gross 
income equal to the value of exemptions. 

In the presence of an income tax, families maximize utility of leisure and 
after-tax income. The relevan-. budget constraint is a piecewise-linear curve 
with each linear segment corresponding to a range of gross income over which 
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marginal tax rates are constant. Thus for a fandly whose gross income. G. is 
in the range where marginal tax rate t^ is applicable, G^^^>G>G^, the budget 
constraint becomes: 

(5) Y » (l-t^)(G-G^) + (Gi-T._3^{G^}). 

Note that \_i{G^> = ^^^^^^^^ ' «j-l> ' ^^^^^ ""^^ °^ payments at the 
marginal rates in lower income brackets. 

Since gross income is the sum of earnings and non-labor income, (5) can be 
rewritten in the form usually associated with a budget constraint: 



(6) 



Y = (1-tpWH + y" + t^(G^ - y") - Vi^G^}. 



In (6) the income tax is shown clearly to consist of a wage or earnings tax at 
the marginal Lax rate. t^. and an income transfer equal to the difference of 
taxes that would hava been paid if the rate t^ applied to all earnings. t^(G^-Y^). 
and taxes actually paid, V^tG^}. This is a surrogate income transfer in the 
sense that, over the ith gross income range, the family acts as if non-labor 
income was increased by t^(G^-^^) - t^^, G^ . The after-tax budget line for an 
income tax with marginal rate equal to zero for gross income below G^. and 
equaling t^ elsewhere is illustrated by line abde in Figure 1. The equivalent 
wage tax and income transfer for families with gross income above G^ are -t^ 
and tj^(G^-Y"). respecitvely. 

First order conditions for a maximum of utility with respect co leisure and 
after tax income generate labor supply functions incorporating the wage tax and 
income transfer appropriate for each level of gross income. Thus for the in- 
terval of gross income for which equation (6) gives the appropriate budget 
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constraint, labor supply is given by: 

(7) = H{(l-tpW, y"" + t^(G^-Y") - T^_^{G^}} 

Following (7) both linear segments bd and de of budget line abde in Figure 1 
generate labor supply functions 

(8) \^ = H{W,y"} 
and 

(9) = H{l-t^)W, y" + t^(G^-Y")}. 

The supply function associated with tangency solutions on the line segment bd is 

shown by equation (8) to be equivalent to the initial labor supply relationship 

given by equation (3) . In contrast, equilibria on the upper segment of the 

budget line, de. are shown by equation (9) to fall along a supply function 

incorporating a wage tax at rate t^^ and an income transfer of t^(Gj^-Y"). Figure 

2 shows that the manhours, H^^, associated with equation (9) are displaced from 

H b. uncompensated wage rate effect that shifts the supply curve verf.cally 
bd 

upward and an income transfer shifting the curve to the left, if leisure is not 
an inferior good. 

At point d on budgi ^. line abde, where gross income is equal to G^^, the 
derivative of after-tax income with respect tr 1 sure is not defined. Any number 
of indifference curves whose slope varies from -W to -(l-t^W may be tangent to 
the budget constraint at the kink whare gross income equals G^. Marginal con- 
ditions for a maximum of utility will not be satisfied by such tangencies re- 
sulting in a range of wages over which the family is not on a supply curve of 
the foriD Dnplied by rquations (8) or (9). At these wage rates the family will 
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Figure 2 . 

Labor Supply Of A Single-Worker Family Subject To A 
Progressive Income Tax 
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find an equilibrium labor supply where gross income equals G^^, producing a 
constant earnings labor supply relationship: 

(10) H « (G.-y'')/W- 

J- t 

Equation (10) is shown in Figure 2 to be a rectangular hyperbole connecting the 
two supply curves H^^ and H^^. Thus after-tax labor supply consists of a seg- 
ment along 11^^ until earnings, WH^j^j equal (G^^-Y^) ; followed by a "jog" along 
the constant earnings supply curve H - (Gj^-Y^)/W; and then by a segment along 
^de '^^Sinnii^g the wage rate where WII^^ equals (G^^-Y^). We have illustrated 
the effect of a two-internal income tax, but it should now be obvious that the 
effect of a multiple-interval tax follows in like manner with a succession of 
segments joined by constant earnings jogs formed by rectangular hyperbolas. 

II • LABOR SUPPLY OF THE MULTI-WORKER FAMILY 

The multi -worker family his more than one potential worker. We shall consi- 
der the case of two potential workers, one primary worker and one secondary 
worker, which can be generalized to include additional workers. The algebraic 
analysis of family labor supply is already well established but the diagrammatic 
exposition presented here is most useful for interpretation of the effects of 
a progressive Income tax. The family utility function has the same basic 
properties as in the single worker fandly analysis except that utility is maxi- 
mized with respect to leisure of both the primary and secondary worker, L^ and 
L^ respectively: 

(ll^ U « U{lP,L®,Y}. 
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The family utility functicn generates a family of Indifference surfaces In 
(L^,L^,Y) space. 

Family utility Is maximized subject to a budget constraint which in the 
absence of a tax sets income equal to the sum of earnings from all family mem- 
bers and non-labor Income: 

(12) Y « (K-lP)wP + (K-L^)W^ + y"", 

where K Is total hours available for work and leisure, and are wage rates 
of primary and secondary workers respectively, and Y^ is non-labor Income. The 
budget constraint defines a two dimenstional plane in L*^, L , Y space whose 
slope is -W^ in the (L^.Y) plane and -W^ in the (L^,Y) plane. When and 
-are both equal to K, the plane passes through (K.K.Y*^) and when L^-L^=0 it 

passes through (O,0,wV+wV+ y") . 

Figure 3 shows the budget plane along with an equilibrium tangency with an 

Indifference surface in (L^.L^.Y) space. First order conditions for a maximum 

of utility for L', L^, and Y yield a familiar expression for manhours worked by 

primary and secondary workers t 

(13) rP ' K-lP = HP{W^W^Y"} 
and 

(14) » K-L^ = H"{W^WP,Y"}. 

The wage terms In (13) and (14) influence labor supply through both a compensated 
wage, rate effect along an Indifference surface and an income effect based on 
earnings of each individual, equivalent tc the effect of non-labor income on 
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FlBurc 3 

Equilibrium Tangency Of A Budget Constraint And An Indifference 
Surface Of A Multi-Worker Family 
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labor supply. 

Tlie introduction of a procressive income tax greatly modifies the income- 
leisure possibilities facing the family by making net wages endogeneous. The 
budget surface is composed of a series of planes, each of which is uniquely 
related to a particular tax bracket in which the marginal tax rate is constant. 
These individual planes are displaced from one another by a wage tax at the mar- 
ginal tax rate and an income transfer equal to the difference between total tax 
payments that would be forthcoming if the marginal tax rate applied to all in- 
come and taxes actually paid. 

Consider the budget plane associated with marginal tax rate t^, which applies 
to gross incorat levels in the interval between and G^^^. Letting G represent 
any level of gross income such that G^^^>G>G^, we can express after-tax income, 
Y, as 

(15) Y - (l-t^)(G-G^) + - Vl^V' 

which , of course , is the same as (3) . 

Gross income tan be written as the sum of earnings of both workers and non- 
labor income; (15) caxi be rewritten in the for.i usually associated with a budget 
constraint. 

i-1 

(16) Y = l(l-t^)wP]HP + [(l-t^)W^]H' + [y" + t^(G^-Y") - jj^t j (Gi-<5^_p 1 

In (16) the wage tax is shown clearly as (l-t.)wP and (l-t^)W^ while the income 
transfer necessary to generate this particular budget plane is the difference of 
taxes that would have been paid if the rate t applied to all earnings t^(G^-Y"), 



aid if the rate t^ applied to all earnings t^^CG^-''" 

i-1 

and taxas actually paid, I t.(G.-G ,) Equation (16) defines the plane whose 

s,-, J J J 



j+1 
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nlope is -(l-t^W^ In the (l'^.Y) plane and -(l-t^)W^ in the (L^,Y) plane and 

P 8 

whose height wh(Mi L »L «K 1h the sum of non-labor income and the Income transfer* 
This is but one of a series of budget planes each associated with the range of 
income in which a given marginal tax rate applies. 

Figure 4 illustrates the budget surface of a family facing a two-interval income 
tax with a zero marginal tax r^te on gross income below and a positive marginal 
tax rate of t^^ otherwise. At levels of gross income below G^^ the budget surface 
coincides with plane abed generated by the pre-tax budget constraint: 

(17) Y = hPrP + W^H^ + y"". 

When gross income exceeds G^^, the relationship in equation (16} can be used to 
write ♦he after-tax budget constraint tn terms of a wage tax and income transfer: 

(18) Y = [(1-t^) wP]hP + [(l-t^)W^]H^ + [y"" + t^(G^-Y'')] 

The plane wxyz in Figure 4, drawn with a slope of -(l-tj^)w'^ in the (l'^iY) plane and 
with slope -(l-tj^)W^ in the (L^,Y) plane, forms the after-tax budget surface relevant 
for gross incomes above G^^. 

Maximizing utility of income and leisure subject to budget constraint (13) 
yieldc> labor supply functions for the primary and secondary !:amily workers identical 
to the pre-tax case: 

(19) rP = k-lP = hP{wP,w%y"} 

• a a 

and 

= K-L^ B H^{W^,wP,y"} 
a a 

The subscript a on H*^ and H* indicates that labor supply is given by an equilibrium 

a a 

tangency on budget plane abed. Similarly maximizing utility on budget constraint 
(18) gives labor supply associated with tangency solutions on plane wxyz: 

(20) hP = K-lP = nP{(l-t^)wP. (l-t^)w\ y" +t^(G^-Y")} 
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Figure 4 

Budget Constraint Of A Multi-Worker Family Subject 
Progressive Income Tax 
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and 

„s = L_L« = H^(l-t,)W^ (l-t,)wP. +t.(G,-Y")} 
w w 1 1 J- - 

For given W^, W^, and v", (^.9) and (.20) « determine the equilibrium levels of 
primary and secondary work hours Implied by a tangency solution on planes abed and wxyz 
respectively. In order to simulate or predict labor supply in the presence of an 
income tax based on given primary and secondary supply functions it is necessary 

to calculate gross family income implied by both (19) and (20) . • If both 

M^H^ + W^H^ + "i^^ and W^H^ + W^H^ + are less than G then labor supply 
a a WW J- 

is given by (15) with a tangency on the portion of the budget surface in plane 
abed. However, if both inequalities are reversed, equilibrium is found on the budget 
surface lying in ^plane wxyz and labor supply is given by equations (1.6) • Other 
possible combinations of inequalities indicate equilibria on the line Q^Y and 
raise special problems which will be discussed below. 

Vithin the gross income" intervals where marginal tax rates are constant, the 
after-tax budget surface has been shown to consist of a section of the appropriate 
budget plane embodying the wage tax and income transfer associated with the 
marginal tax rate. These budget planes intersect in lines along which the sum of 
net earnings and non-labor income is equal to the after-tax incoire where marginal 
tax rates change, figure 4 illustrates such an intersection between 

budget planes generated by an income tax. The line AA' in Figure &, along which 
after-tax income is Gj^-Tq{G^} or , a locus of points at: which the after-tax 
budget surface is not different iablo. Marginal conditions for a maximum of utility 
for family leisure and income are not satisfied at the intersection of after-tax 
budget planes. All planes whose slope varies from -(l-Tj^)wP to in the (L^,Y) 
plane and from -(l-tj^)\^^ to in the (L^,Y) plane could pass through (contain) 
the line AA* and form an equilibrium tangency with an indifference surface along AA^ 
There will be a range of wage rates for which tangency solutions occur on su^h 
planes containing AA' but vl)ich do not ^coincide with any of the planes that are 
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part of the budget surface. Labor supply over such a range of wages is given by 
a constant-earnings supply -relationship: 

(21) » WV + W^H^ + 

Of course, (21) is the equation of the line AA\ 

Marginal conditions for a maximum of utility used to generate labor supply 

functions such as (19) and (20) are not operative along the constant earnings 

supply relationship. The range of wage rates for which labor supply follows 

equation (21) is determined by eliminating cases in which an equilibrium could 

occur on the portion of a plane which is part of a budget surface. But if 

W^E^ + W^H^ + is greater than or equal to G- and V^nf + W^H^ + is less than ' 
a a X w w 

or equal to G^^, neither tangency occurs on the section of the relevant planes 
within the budget surface. For wage rates and non-labor income producing such, 
inequalities, family labor supply is given by a constant-earnings supply rela- 
tionship. 

Along a constant-earnings labor supply relationship all family members are 
off their behavioral labor supply curves defined by first-order conditions for a 
maximum of utility. The income tax produces a programmatic interaction between 
labor supply decisions of family members, provided that joint returns are filed. 
A complete specification of the family utility function is necessary to determine 
the mix of primary and secondary workers hours long the constant earnings rela- 
tionship. In the absence of such knowledge, only the weighted sum of manhours is 
determinant, with weights proportional to relative wages and earnings constrained 
to a constant value. 
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in. IMPLICATIONS FOR ESTIMATION AND SIMUUTION 

Empirical inquiry into labor, supply in the presence of existing progressive 
income taxes has taken two forms. Survey research has been used to determine 
individual perceptions of incentive effects. Econometric estimates of labor 
supply functions have been performed vith data on workers subject to an income 
tax. 

Survey research from the classic study by Break [3] to the recent work of 
Fields and Stanbury. [6], Boskih [2], and Holland [8] interprets the incentive and 
disincentive effects in terms of the respective income and substitution effects 
o£ a wage tax at the marginal tax rate. The ratio of disincentive to incentive 
effects is often found to rise with income and hence with the marginal tax rate. 
This is analyzed as the result of a rise In the substitution effect relative to 
the income effect associated with a fall in the price of leisure. However, the 
analysis presented above illustrates that high marginal tax rates are associated 
with large income transfer effects, given the structure of progressive income 
taxes. The income transfer produces a disincentive effect of its own which re- 
inforces the compensated wage rate, effect and contributes to the tendency for 
the ratio of disincentive to incentive effects to rise with income. The relation-^ 
ship between gross income and the size of the income transfer is totally dependent 
on the exact structure of marginal tax rates.. Thus the survey approach does not, 
as If often claimed, yield information on the effect of high marginal tax rates 
on work incentive. It only gives an Insight into the effect of high marginal 
rates in the context of the particular progressive income tax structure to which 
the respondent is subject. To the extent that incentive and disincentive effects 
appear to be offsetting when both income and marginal tax rates are high, our 
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analysis suggests that fprdlies are on the backward bending portion of their 
supply curves so that a wage tax raises hours supplied while the associated in- 
come transfer lowers hours. The net effect may well be to leave after-tax hours 
equal to labor supplied in the absence of an income tax. 

An extensive literature of econometric estimates of reduced form family 
labor supply functions has developed in recent years including the work of 
Rosters [10, 11], Kalachek and Raines [9], Cohen, Rea, and Lerman [4], and 
Ashenfelter and Heckman [1]. With the exception of an ex post test for the 
magnitude of bias by Cohen, Rea, and Lerman [A] , the effects of wage taxes and 
income transfers implied by the tax structure are not taken into account. The 
effect of ignoring the wage tax and income transfer adjustments, both of which 
increase at higher marginal tax rates, is to have gross wages overstate after- 
tax wages and non-labor income understate the sum of non-labor income and tl'G 
appropriate income transfer by increasing amounts as wages and income rise. Such 
an omission would bias the absolute value of estimates of uncompensated wage rate 
effects downward while the income effect based on non-labor income would be biased 
upward. These sources of bias can be eliminated by transforming wage and income 
data for families to incorporate the appropriate wage tax and income transfer 
based on gross income before the estimation. Such transformations are possible 
because families reaching equilibrium solutions on budget surfaces formed by 
planes such as abed or wxyz have the same behavioral labor supply functions, 
distinguished only by taxes and income transfers. 

fundamental problems for the estimation of underlying labor supply functions 
from data on families subject to an income tax are raised by the presence of 
constant earnings supply relationships. These difficulties arise because there 
Is no combination of wage taxes and income transfers which can transform the 
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arguments of the labor supply function based on marginal conditions to reflect 

behavior when families are not satisfying these conditions* In the absence of 

a transfoxnnation which can adjust observed data to return families to £ common 

supply function » unbiased estimation requires that observations on families 

vlth^gross income at or near level where marginal rates change be dropped from 

the sample,^ Observations on families with gross income well within intervals 

where marginal rates are constant should be modified to include the appropriate 

wage tax and income transfer. 

The analysis presented above indicates that estimation of labor supply 

relationships in the presence of an income tax requires extensive transformation 

of wage and income data. However, even assuming that an estimate of the true 

parameters of the supply function is obtained, simulation of supply responses to 

2 

a reform in the income tax requires special attention. The labor supply function 
associated with each interval of gross income in which marginal rates are constant 
must be generated by noting the appropriate wage tax and Income transfer effects. 
Thus to simulate multi-worker family supply response to the personal income tax 
one would first have to generate the supply functions in equations (19) and (20). 
Then the gross income associated with hours supplied by family members facing 
given W , W , and Y must be calculated using each pair of supply equations. 
This calculation gives the gross family income associated with an equilibrium 
tangency on each plane which comprises the budget constraint. But we must deter^ 
mine whether the equilibrium is on a segment of the plane which makes up the bud- 
get surface or if the tangency occurs elsewhere on the plane. There is a simple 
test for the relationship between the point of tangency with each plane and the 
budget surface. The tangency solution is on the budget surface if and only if 
gross income defined by the tangency solution and calculated from the associated 
primary and necondary supply equations lies within the. interval of gross income 
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for which that plane forms the relevant constraint on after-tax Income* 

There are two possible outcomes of the simple test for gross income implied 
by each pair of supply equations. If one pair of equations gives gross income 
consistent with the interval for which the wage tax and income transfer effects 
in the equations is relevant, labor supply is determined by the single pair of 
equations that pass the test. A second possibility is that no pair of equations 
can be found which yield gross income which is consistent with the interval for 
which the equations are appropriate. This indicates the presence of a tangency* 
solution on a line which generates a constant earnings supply relationship. 

The existence of constant earnings supply relationships implies a funda- 
mental limitation on the ability to simulate family work effort in the presence 
of an income tax. Along a constant earnings relationship, the mix of primary 
and secondary worker hours is determined only through detailed knowledge of the 
family utility function. In practice only the weighted sum of hours can be 
simulated, with weights determined by relative wages and the s.um constrained to 
equal total earnings. This reflects a fundamental difference between the single 
and multi-worker family labor supply models. Programmatic interaction in the 
labor supply decision introduced by an income tax makes the mix of multi-worker 
hours interdependent along constant earnings supply relationships. 
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IV. CONCLUSIONS 



The dtagrammatic analysis of family labor supply developed here provides 
a useful vehicle for analyzing the special effects of personal income taxes. 
A progressive income tax is translated into a series of wage taxes and income 
transfers in order to predict labor supply response of families whose gross 
income falls in a region where marginal tax rates are constant. Labor supply 
depends on the structure as well as the size of marginal tax rates. Survey 
research on work effort in the presence pf an income tax does not separate 
-the supply effects of the marginal tax rate from those of the income transfer 
implied by the prevailing rate structure. At levels of family income, where 
marginal tax rates change, family labor supply falls on "constant earnings" 
supply relationships along which earnings are fixed but the mix of hours supplied 
by various family members can only be determined from the family utility func- 
tion. In contrast to results for gross income intervals where marginal rates 
are constant, analysis of "constant earnings" supply relationships demonstrated 
that there was no transformation combining a wage tax and income transfer which 
could describe labor supply in terms of behavioral labor supply function based 
on marginal conditions for utility maximization. 

The theoretical points made here have significant implications for econo- 
metric estimation and simulation of family labor supply in the presence of the 
personal income tax. A series of special adjustments in the data, including 
omission of some observations and transformation of wage and non-labor iticomt 
observations, is necessary for unbiased estimation of reduced form labor supply 
functions. None of the previous studies surveyed have attempted such adjustnjents. 
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Simulation of family aupply responses to new^ or existing income taxes 
requires that wage tax and income transfer effects he incorporated in the 
analysis* In some ranges family labor supply is interdependent so that on 
detailed knowledge of the underlying family utility function can separate 
the mix of primary and secondary worker hours. The final effect of given 
marginal tax rates on labor supply depends on the entire structure of the 
personal income tax.. It is this structure which determines the income 
transfer effects associated with any given marginal tax rate. 
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Wales (12) found it necessary to exclude observations near boundaries 
from his sample. His observation that such exclusion may not be 
necessary for reduced form models is not accurate. 

Kosters (10) simulates labor supply effects of the personal income tax 
as a wage tax at the marginal tax rate. Other authors are not so 
llplZlTly concerned with the personal income tax but they do discuss 
effects of wage taxes at alternative marginal tax rates. 
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WORK EFFORT, HUMAN INVESTMENT AND THE INCOME TAX 
by C* Duncan MacRae i.ad Elizabeth €• MacRae 

Abstract 

A model o£ Individual human capital accimulatlon Is applied In 
this paper to the analysis of the effects of a progressive In- 
come tax with a given level of Income exempted from tax and a 
constant marginal tax rate. It Is shown that the effects of 
changes In the tax parameters can be described In terms of 
Intertemporal substitution and Income effects. Given an In- 
crease In the tax rate. If the Intertemporal substitution 
effect dominates, then the Individual substitutes Income In 
the early stages for Income later In the life cycle. If the 
Intertemporal Income effect dominates, however, the Individual 
spreads the life cycle Income reduction over all stages. 
Similarly, given an Increase in the exemption level. If the 
Intertemporal income effect dominates, the Increase In total 
income is spread over all stages; if the Intertemporal sub- 
stitution effect dominates. Income just before the taxable 
stages is substituted for Income in all other stages. 
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WORK EFFORT, HUMAN INVESTMENT, AND THE INCOME TAX* 

by C. Duncan MacRae and Elizabeth Chase MacRae 
The Urban Institute University of Maryland 



The traditional analysis of the effect of the personal income tax ou 
work effort is based on the static income-leisure model of behavior. The 
Individual is assumed to allocate his time between labor and leisure so as 
to maximize the utility of income and leisure subject to a budget constraint 
which :c. determined by the individual's wage rat'» and unearned income. The 
income tax is then analyzed by translating it into an effective change in 
the budget constraint.-^ As useful as this analysis Is, it ignores the al- 
ternative to work effort of allocating time to human capital accumulation 
and, thereby, increasing the wage available to the individual. Indeed this 
alternative may be more important in determining woxrk effort than is the 
allocation of time to leisure activities. 

2 

The purpose of tUis paper is to apply a dynemic human capital laodel to 
the analysis of the effect of the income tax on work effort and human invest- 
ment. The individual is assumed to allocate his time between earning income 
and accumulating capital so as to maximize the utility of income over the 
li€c cycle subject to a budget constraint relating income and investment to 
human capital through the wage rate and a production function for human capital. 
The amount of time allocated to leisure is assumed to be constant. Life-cycle 
behavior under the income tax is then analyzed with the aid of optimal con- 
trol theory. The paper concludes with a comparative dynamics analysis of 
the effects of a change in the marginal tax rate or the level of -ncome 
exempted from tax. 
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I. WORK-INVESTMENT MODEL 

In this section a model of human capital accumulation by an Individual 
subject to an Income tax Is developed. We begin by stating the time allo- 
cation problem over his life cycle and then characterize its solution with 
the aid of the maximum principle. 
Time Allocation Problem 

By definition an individual's gross Income, G, is equal to the sum of 
his earned income and his unearned income, Y**: 

(1.1) G « W)l + y" , ^ 

where W is the individual's wage rate, and I is the proportion of non-leisure 
time allocated to work (OiKl) ; both y'^ and the amount of time allocated to 
leisure are assumed to be given and constant over time. The wage rate is 
not taken as given but is assumed to be the product of the market rental on 
human capital, u , and the stock of capital possessed by the individual, K: 

(1.2) W « UK, 

where w is assumed constant throughout the life cycle. 

The personal Income tax is applied on earned and unearned Income without 
distinction but subject to an exemption E so that net income, Y, is given by 

(1.3) Y » G - T{G} 

4 

Where the tax function T{G} « 0 for G<E and T{G} = a(G-E) otherwise, where a 
is the given constant marginal tax rate. This piecewise linear tax function 
corresponds to the typical progressive income tax save only that there are 
nore segments in the typical tax# 
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Human capital can be acquired through formal schooling or on-the-job- 
traiiilng.* In either case, the production of human capital is assumed tc 
occur under constant returns to scale so that gross investment, I, is given by 

(1.4) I « (l-A)YK, 

vhere (l-l) is the proportion of non-leisure time devoted to investment and 
Y is a constant rate of productivity.^ Assuming a constant rate of deprecia- 
tion, p, in the stock of human capital, net investment is then 

(1.5) dK/dt "I - yK,^ 

where K{0} = K°, the individual's initial endowment of capital. Note that 
dK/dt can be negative, if capital depreciation (yK) exceeds gross investment 

(I). 

Finally, the individual is assumed to have an intertemporal utility func- 
tion, J, on income and leisure over his life cycle; since leisure time is 
assumed to be constant, J can be expressed solely as a function of income: 

U{Y}e ""-dt, 

0 

where N is the individual's horizon, 6 > 0 is his given time preference rate, 
and U has the properties that U' > 0 and U" < 0, corresponding tc positive but 
diminishing marginal utility from income.^ The time allocation problem, there- 
fore, is to choose S, over the life cycle so as to maximize utility (J) subject 
to the income identity (1.1), the wage equation (1.2), the budget equation 

(1.3), the production function (l.A), and the accumulation equation (1.5), 

o 

given the initial endowment K . 



8.4 



Maximum Principle Solution 

The solution to the time allocation problem can be characterized with the 

7 

aid of the maximum principle* If the path of I is to maximize J in the long 
run, then in the short run i must be chosen to maximize the Hamiltonian 

(1.7) ff « U{Y)e""*^ t Y(I-yK), 

given K and where the paths of K and ¥ over time are determined by the 
differential equations 

(1.8) dK/dt « 3H/3Y - 
and 

(1.9) d¥/dt » -9H/9K 

with boundary conditions K{6} « and Y{N} «= 0. Note that (1.8) is equiva- 
lent to (1.5). The auxiliary variable Y is the present discounted value of 
human capital to the individual measured in utility units, so that the ^ 
Hamiltonian H may be interpreted as discounted short-run utility. The zero 
value for Y{N} reflects the fact that human capital has no value to the in- 
dividual at the end of his working life. 

We can simplify the notation by rewriting equations (1.7) and (1.9) 
using current values rather than present discounted values* To do this, let 
P be the current value of capital in utility units, i*e.9 

(1.10) P - Ye**^ . 

Then in the short run, I must maximize the undiscounted Hamiltonian 
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(l.iX) H = U{.Y} + PI, 

with K tod P taken as given. In the long run P Is determined by 
(1.12) dP/dt = - aH/3K + (y+6)P 

with P{N} = 0, as can be seen by differentiating (1.10) with respect to time 
and substituting the result Into (1.9). Therefore, the solution to the long- 
run time allocation problem Is completely characterized by equation (1.5) with 
an initial condition and equation (1. 12) with a terminal condition where I Is 
chosen so as to maximize H in the short-run subject to the constraints (1.1)- 
(1.4). 

II. LIFE-CYCLE BEHAVIOR 

In this section we begin by describing the short-run behavior of an in- 
dividual subject an Income tax, when the value and stock of human capital are 
taken as given. A comparative statics analysis of changes in the market rental, 
in the value and stock of capital, and in the tax parameters is then performed. 
The results of this analysis will be used in the next section. Finally, we 
analyze the behavior of the individual in the long run, when the value and 
stock of human capital are changing over the life cycle. 
Short-Run Behavior 

The solution to the short-run time allocation problem can best be seen 
geometrically in Figure 1. Gross Investment (I) is measured on the positive 
horizontal axis, net Income (Y) is measured on the positive vertical axis, 
and work effort (A) is measured on the negative vertical axis. The individ- 
ual's budget frontier begins on the horizontal axis at yK where according to 



8.7 



(l.A) gross investment is at a maximum and A=0. Then, assuming for interest 
that E is greater than y", the budget frontier is vertical at «.-0 up 'to the 
point where Y « y"; even with no labor devoted to work the individual still has 
some unearned income. From there, as can be seen from (1.3) and (1.4), the 
frontier has a slope of -w/Y for Y (and G) below E, then a lower slope of 
-(l-a)to/Y in the range of taxable income. If G is less than E, the individual 
pays (l-A)toK in foregone current income to receive (1-5.) yK increments of 
human capital. Therefore, the opportunity cost of a unit of investment is 
0)/y. In the taxable range, however, he pays only (1-a) (l-A)toK so that the 
opportunity cost, depicte'S by the lower negative slope of the budget frontier, 
is (l-a)to/Y. Finally, note that the slope does not depend upon the level of 
K. Thus, increases in the individual's human capital stock simply shift the 
entire frontier to the right parallel to the horizontal axis, so that both 
potential investment and potential income are increased. 

The Hamiltonian, as defined by (1.11), represents a map of short-run in- 
difference curves for income and investment, similar to the income-leisure 
utility map in static analysis, and displays the usual properties of an 
additive utility function. The marginal rate of substitution between invest- 
ment and income, -P/U*, increases as Y increases, but is not infinite at 1=0 
so that the indifference curves cross the vertical axis. Since the marginal 
utility of investment in the Hamiltonian is constant for given P, the slope 
of the indifference curves does not depend upon I. 

As in the static income-leisure model, the solution to the short-run time 
allocation problem can be obtained by finding the point on the budget frontier 
vhich lies on the highest indifference curve; this corresponds to maximizing 
H subject to 0$JI«1. We can see from Figure 1 that there are five possible 
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types of solution dependong on K and P: two Interior solutions and three 
corner solutions. The two Interior solutions are those for which « 0, 

and either G<E or G>E, where 

(2.1) 3H/3£ « UUY)a)K(l-T*) - PyK, 

and the three comer solutions occur where A«0, £«1 or G«E. 

The five possible types of solution to the short-run problem occur in 
five different stages of the life cycle. These stages are portrayed in Figure 
2. Stage I, where all effort is devoted to investment (£*0) corresponds to 
all points in (K,P) space above the horizontal line 

(2.2) P - U'{y"}w/y, 

which is obtained by setting both d^/U and I equal to 0 in (2.1). Stage II, 
where !>>0 but no tax is paid, lies below the line given by (2.2) but above 
the horizontal line. 

(2.3) P » U'{E}w/y , 

and to the right of Stage V (A«l) which will be defined below. The lower 
boundary of Stage III (G=E) is also a horizontal line, 

(2.4) P » U'{E}(l-a)w/Y 

and the left-hand boundary is the edge of Stage V. Stage IV, where l>0 and 
tax is paid, lies below Stage III and above the boundary of Stage V given by 

(2.5) P = U'{(wK + y") - a(wK + y" - E)}(l-a)w/Y , 

which is obtained by setting =» 0 and Jt=l in (2.1), and is negatively 
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sloped since U"<0. The other two boundaries, between Stage V and Stages II 
and III, are defined by the negatively sloped line 

(2.6) P » U'{wK + y"}w/y 
and by the vertical line 

(2.7) K - (E - Y")/to 

respectively. Note that all constant Z lines «re similar in shape to the Jl«l 
line which forms the upper boundary of Stage V. 

Comparative Statics 

In the short run the market rental (w) plays the role in the dynamic 
human capital model that the wage rate plays in static income-leisure analysis. 
Given K and P, the individual's work effort W is a function of w, as illus- 
trated in Figure 3. In general, the higher is the market rental, the higher 
is a. However, there are exceptions. One is when the individual is at the 
kink in the income-investment constraint depicted in Figure 1, corresponding 
to Stage III in Figure 2. Then lower work effort is associated with higher 
market rentals so as to maintain G^E.^ The other exception is if the income 
effect dominates the substitution effect of a higher (o. 

To calculate the short-run effects of alternative market rentals, we set 
Za/n = 0 in (2.1) and then differentiate implicitly with respect to w to get 
the partial derivative 

(2.8) 3A/3a) = -d + ^'y,s,nn<^c^f) , Stages II and IV, 

where the net income elasticity of marginal utility is given by 

309 
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(2.9) « (dU'/dY)(y/U') - U"Y/U' 

and the earned Income elasticity of marginal utility, defined analogously, is 

(2.10) » ((l-T')Wil/y)ey. Stages II and IV. 

Only if the negative income effect, -A/w, dominates the positive substitution 
effect, -A/(we,o) will a lower level of work effort be associated with a higher 
market rental, corresponding to a backward -bending labor supply. As can be 
seen from (2.8 ), this can only occur if |eyj^l> 1. Since < |ey| . a 

backward-bending labor supply requires that the schedule of marginal utility 
with respect to net income be sufficiently elastic to offset the effects of 
unearned income and the income tax. 

Changes in the stock (K) and value (P) of human capital which occur over 
the life cycle bring about shifts in the short-run labor supply. An increase 
in K moves the individual's budget constraint to the right parallel with the 
horizontal axis in Figure 1. Since the marginal short-run utility of investment 
is constant, the level of Y is unchanged by the shift so that work effort must 
decrease, as is shown in Figure 4, to offset the increase in K and hence, in 
W: 

(2.11) 3il/3K = -i/K, Stages II, III, and IV. 

An increase in P simply makes the indifference curves steeper so that work effort 
is lower, as is illustrated in Figure 5, corresponding to a movement to the 
right along the budget constraint: 

(2.12) 3il/3P - y/(w^(1-T')^KU"), Stages II and IV, 



Figure 4 
Effect of Increase In K 
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Figure 5 
Effect of Increase In P 
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which is derived by differentiating 3H/3A = 0. Of course, a change in K or P 
will have no effect on work effort in Stages I and V. and a change In P will 
have no effect on £ in Stage III. 

Changes in the marginal tax rate (o) and in the exemption level (E) will 
alfao cause shifts in the labor supply as shown in Figures 6 and 7. In the 
taxable Stage IV, a change in a will have both substitution and income effects 

(2.13) U/dcx - (1 + Ve^^^^^^~°'^SjJI^ ^^^^^ 

where the gross taxable income elasticity of marginal utility la given by 

(2.1A) eg_g - ((l-a)(G-E)/Y)ey » ((G-E)/(G-Y"))e^^ 

On the one hand, an increase in a will motivate the individual to substitute 
human investment for current income. On the other hand, an increase in the 
marginal tax rate will ftlso motivate him to increase work effort so as to 
maintain net income in face of the tax increase. As can be seen from (2.13), 
the relative magnitudes of these two effects depend on the elasticity of the 
schedule of marginal utility with respect to gross taxable income (e^.^) • In 
particular, it follows from (2.14) that unless je^j^I is sufficiently greater 
than unity to of fast the effect of E on e^_^, i.e., unless the Individual is 
well onto the backward-bending portion of his labor supply, then the negative 
substitution effect, l/((l-a)e^,^), will dominate the positive income effect, 
e Jl/((l-a)e ,), and work effort will be decreased by an increase in o. 

Finally, an increase in the exemption level has only an income effect In 
Stage IV. 

(2.15) 3A/3E - -a/CuKd-a)) . ^;>|A Stage IV. 
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Both income and investment are increased by the increase in the exemption 
level with investment being increased by a decrease in work effort. But unlike 
a, an increase in E also affects the labor supply of those who are not actually 
paying any tax but who are in Stage III with incomes exactly at the exemption 
level: 

(2.16) n/U = l/(t0K) 

Therefore, an increase in E will have a quasi-substitution effect by increasing 
work effort so that income is substituted for investment. 

long-Run Behavior 

In the long run, the stock (K) and value (P) of human capital are not 
given. However, now that the optimal level of work effort (A) has been des- 
cribed as a function of K and P, the optimal paths of these two quantities 
over time are completely determined by the differential equations (1.5) and 
(1.12) given the boundary conditions K{0} » k', and P{N} = 0. 

To describe the behavior of K, we note from (l.S) that dK/dt is either 
positive or negative depending on whether I is either less than or greater 
than 1-y/Y, assuming that the individual's human capital can increase, i.e., 
■>(>]X. Therefore, the evolution of K is particularly simple to portray in 
Figure 2, slpoe the dK/dt=0 line is one of the constant i lines. Above this 
line, the stock of human capital is increasing; below the line, it is decreasing. 

To describe the optimal behavior of P, we evaluate aH/3K in (1.12) with 
P held constant but with optimal S, considered as a function of K, yielding: 

(2.17) dP/dt " - 3H/aK - iWU){Um) + (y+6)P 

- - (3H/ajl) (H/K + 3jl/3K) - (Y-y-6)P. 



In stages I, II and IV, the term 0H/3il)(A/K + 3A/3K) is zero, since either 
A-0 (and 3il/3K = 0) or 3H/3il ' 0. In Stage III the partial derivative 
(and 3H/3K as well) is either a left or right hand derivative because of the 
kink in the tax function at G=E. In either case, the product of 3H/3A with 
(A/K + 3A/3K) in Stage III is always zero since, from (2.11), 3A/3K » - A/K. 
Thus, in Stages I-IV, assuming that the individual's discounted human capital 
can increase, i.e., y>]i+6, P is always decreasing and is given by 

(2.18) dP/dt - -(Y-y-6)P ^^^Ses I-IV. 
Finally, in Stage V, Jl=l,'3A/3K«0 and 3H/3P->0; so that P continues to decrease: 

(2.19) dP/dt « -U'{Y}(1-T')a) + (y+6)P Stage V. 

The actual trajectory that the individual takes is determined by the 
initial condition K{0} ■= K», represented by a vertical line in Figure 2, and 
the terminal condition P{N} - 0. The initial level of P on the K« line at 
timeO is determined so that at time N the terminal condition is satisfied. 
For given K°, the larger is N, then the higher must be the initial value of 
P as will be demonstrated in the next section. The nature of the trajectory 
is now immediately apparent. In general, K rises to a maximum when i = l-y/Y 
and then declines, while P always declines. However, there are certainly 
horizons so short that it never pays for the individual to accumulate human 
capital and, hence, the initial P{0} is low and K is always declining. 

The behavior of the individual's wage (W) follows immediately from the 
path of K, as shown in Figure 8. When il-=0, the wage grows at the maximum rate 
pf lOO(Y-M) percent. The growth then declines when il>0 until the wage is 
maximum when dK/dt - 0. From then on, the wage declines, reaching a maximum 
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rate of decrease of y when 5.=1. 

The evolution of individual earnings (WA), gross income (G), and net 
income (Y) in Stages II and IV can be seen from the first-order condition that 
9H/a£ « 0. This implies, fro= (2.1), that 

(2.20) P « U' (1-T')a)/Y; 

differentiating both sides of (2.20) with respect to time yields 

(2.21) dP/dt » U"(l-T')(dY/dt)a)/Y - U"(l-T')2(dG/dt)a)/Y, Stages II & IV. 

Since we know that dP/dt is negative, Y, G and W£ must increase over time in 
Stages II and IV. In Stages I and III all three quantities are obviously con- 
stant since either Sl^O or G=E. In Stage V, all three quantities must decline 
since £=1 and W is declining. Since taxes (T) are a non-decreasing function 
of gross income, they behave in a similar manner, except of course that T is 
constant at the zero level until G reaches E, and may be zero again in Stage V 
if G falls belov E. Note that it is possible for an individual to have such 
a low initial level of human capital that he never earns enough income to pay 
taxes. 

In contrast to the straightforward evolution of the individual's wage, 
earnings, income, and taxes, the behavior of his work effort W and human 
investment (I) is relatively complex. In general, I increases over the life 
cycle, eventually reaching a value of 1. The increase need not be monotonic, 
however. In Stage III, where G=E, I either decreases or increases depending on 
dK/dt^ 0, since income is maintained constant in this region. In Stages II and 
IV, also, the course of !' need not be monotonic. Since the optimal £ is a 
function of K and P, the behavior of I ovor time can be described by 
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(2.22) dA/dt » 0)l/3K) (dK/dt) + 0A/3P) (dP/dt). 

From (2.11) and (2.12), 3A/3K and 3A/3P are both negative, and iP/dt is always 
negative. Thus, when dK/dt is negative, I must increase and increasing S. in- 
sures that K continues to decrease. However, when the level of work effort is 
below 1-y/Y, 80 that dK/dt is positive, I may be either increasing or decreasing 
depending on the relative magnitudes of the quantities in (2.22). Thus, while 
the individual is in the process of increasing his stock of human capital, the 
level of his work effort may oscillate. Since every optimal path must even- 
tually have A-1, so that P{N} may reach zero, it is clear that dS./dt can be 
negative for only a finite amount of time. 

Finally, let us analyze the behavior of human investment over the life 
cycle. Of course, the proportion of capital devoted to -investment (1-S.) is 
immediately determined by the course of work effort. When one increases, the 
other decreases and vice-versa. Similarly, the level of net investment (dK/dt) 
follows from the previous discussion. To determine the path of the level of 
gross investment we differentiate I with respect to time and get 

(2.23) dl/dt " (Y/w)(dW/dt - dG/dt) , 

since I =■ (W-(H-y")y/w. We know that dG/dt > 0, except in Stage V, so that 
gross investment decreases monotonically when K, and hence W, is decreasing 
and reaches a level of zero at the start of Stage V. Gross investment generally 
increases when K is increasing, but not necessarily monotonically. Non- 
monotonic behavior of I may occur even if I is monotonically increasing. 
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III. fcOMPARATlVE DYNAMICS 

In this section we analyze the effects of marginal changes in the tax 
parameters on individual life-cycle behavior. The effect of a tax parameter 
change 1? -expressed in terms of derivatives over time which show the effect 
of the change on the stock and value of human capital at each moment of the 
individual's life cycle. These paths of derivatives are characterized as the 
solution to a two-point boundary value problem which is solved using a technique 
developed by Oniki. 
Variational Differential Equations 

It is well known^ that the effect on the solution x{t} of a system of 
differential equations 

(3.1) dX/dt - F{X} 

of a marginal change in a parameter 0 of the system is given by the solution 
of a systsu of non-autonomous linear differencial equations in the partial 
derivatives of X with respect to 0: 

(3.2) dXg/dt =• F^{x{t}}XQ + Fgixlt}}, 

where the boundary conditions for (3.2) depend upon the effect of 0 on the boun- 
dary conditions for the original differential equations (3.1). In particular, 
if X{t} is the solution to a two-point boundary value problem, then also Xg{t}, 
is a solution to a two-point boundary value problem. 

In our case we are interested in the effects of changes in the tax para- 
meters (a,E) on the individual life-cycle behavior described by the long-run 
solution to the equations (1.5) and (2. 18)- (2. 19) in the stock (K) and value 
(P) of human capital with K{0} - K" and P{N} = 0. Therefore, in system (3.1), 
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X = IK,P1, and 0 is either a or E. The required matrices and vectors for (3.2), 
with aH/dP, 32-/3K, and 3JI/30 given by the comparative statics results (2.11)- 
(2.16), are: 



(3.3) 



(3.4) 



(3.5) 



(3.6) 



(3.7) 



Fy-u 0 1 

[ 0 -(Y-y-6)| 

(V-y -yK3)1/9p1 

[o -(Y-y-6)J 

Fy-p 0 ] 

[o -(Y-y-6)J 

Fy-y -YK3il/9p| 

[O -(Y-P-6)J 



[:!] 

[:-] 
[:-] 

[:-] 



and F, 



0 



and F, 



0 



and F 



and F 



|^-YK9A/30j 
0-[ 0 J' 



Stage 1; 



Stage II; 



Stage III 



Stage IV; 



r "1 = f- 



0 



and 



1790)] 



Stage V. 



'0 La)(3a/30)U' - u)(l-a)(9U 

Since neither K{0} nor PCn} are affected by a change in a or E, the initial 
and terminal conditions for system (3.3)-(3.7) are K^{0} = ?q{^} «= 0. 

Oniki has demonstrated"^^ that if there are no discontinuities in dX/dt 
when crossing a boundary between regions in X, then there are also no dis- 
continuities in Xq between regions. Since there are no jumps in dK/dt or dP/dt 
when K and P cross the boundaries between any of the five stages, there are 
therefore no jumps in or Pg. Thus the effect of a parameter change on an 
optimal path is found by solving the two-point boundary value problem character- 
ized by (3.2) with matrices F^^ and Fg given by (3.3)-(3.7) and with Kq{0} = 0 
and Vq{}1} « 0. 
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Oniki has developed a method for converting the above two-point boundary 
value problem into an initial value problem which is more readily solved. The 
first step is to determine the effect of an increase in the initial value of 
capital, with 0 held constant. In particular, we need to know whether a 
path with higher initial has a higher or lower final value of P at terminal 
time N, i.e., whether Ppo{N}j0 constant < 0. The next step is to determine 
the effect of a change in parameter 0 without allowing any change in P^ . It 
is easy to see that, in general, the new path with changed 0 will not reach the 
P«0 axis at time N if it starts from the same initial point as the original path. 
Therefore, in order for the individual's horizon N to remain the same under 
a marginal change in parameter 0, there must be a marginal change in the initial 
value of P. Oniki demonstrates that this marginal change must be given by 

(3.8) Pq{0} - -(PQiNllpO constant>' (^PO^^^I© constant>- 

In addition to the above technique for determining the effect of parameter 
changes on an optimal path, Oniki has also presented a formula for determining 
the effect of a parameter change on the time when an optimal path crosses a 
boundary. If a boundary in X-space is described by the equation 

(3.9) h{X} - 0, 

and if an optimal path crosses this boundary at time s, then the effect on s 
of a change in parameter 0 is given by 

(3.10) Sq « -[ah/3X • X{s} + 3h/30]/(3h/3X • dX{s}/dt] 

where • indicates inner product. For our model the functions h are given by 
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•equations (2.2) through (2.7). 
Tax Rate Effects 

Our analysis of the. effects of changes in a and E begins by determining 
the effect of a change in in order to compute the denominator of (3.8). 
The differential equations which characterize the paths of Kpo{t} and Ppo{t} 
are specified by matrices F^^ given by (3. 3)- (3. 7), and by Fq « FpO «= 0 in all 
regions. The initial conditions for the two paths are KpoCoX" kJo) " 0 and 
Ppo{0}(» Ppo) - 1- From the signs of the elements in F^^, it can readily be 
seen that PpO is positive for Stages I through IV, and that KpO is positive 
in Stages II through IV. Both must, therefore, remain positive through Stage 
V, and in particular Ppo{N} > 0. 

We now consider the effect of a on an optimal path with P" held constant. 
The initial calculations are aimed at finding the paths of and P^ with in- 
itial conditions Y.^{Q} » V^{0) - 0. From (3.3) through (3.5), it is clear 

that K and P remain zero through Stage III since 9£/3a - 0. In Stages IV 
a ct 

and V, the effect of a depends upon the elasticity of marginal utility with 
respect to taxable income, (eg_g) given by (2.1A). Evaluating F^ with 0=a 
in (3.6) and (3.7), we obtain 



[-(l+e JW£Y/((l-a)we„j^)l [+ " 

(3.11) \' [ 0 J " L 0 . 



Stage IV; 



(3.12) F . I ° 1 - " 



If gl is always less than unity, i.e., if the short-run substitution effect 
of a is always dominant, then the non-zero elements of F^ are positive in both 
Stages IV and V. Thus becomes positive in Stage IV and hence P^^^ becomes 
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unambiguously positive In Stage V so that P^{n} > 0. Now although kg^gl is 

necessarily less than unity at the beginning of Stage IV where G«E, it is 

possible, if the individual is sufficiently far up on the backward-bending 

portion of his labor supply, for the short-run income effect of a to become 

dominant at some point in Stage IV, and hence for to become negative. However, 

only if the short-run income effect becomes dominant sufficiently early in 

Stage IV will it be possible for to be driven negative in Stage V and, hence, 

for P^{N} to be negative, 
a 

Knowing both the denominator and numerator in (3.8), we are now able to 
describe the total effect of an increase in the tax rate on value and stock of 
capital over the individual's life cycle. There are two possible patterns, 
depending upon the balance of short-run income and substitution effects during 
Stage IV, i.e. depending upon whether the individual is sufficiently far up 
on the backward-bending portion of his labor supply curve or not during the 
time when he is paying the tax. 

Accordinti to (3.8), if the short-run substitution effect dominates in 
Stage IV, then PjO} < 0. That is, the effect of an increase in the tax rate 
is to decrease the value of capital at the beginning of the individual's life 
cycle. It then follows from (3.3)- (3.6) that P^ remains negative through 
Stage IV. Since P^ must be zero at the end of the working life, it will in 
general remain negative through Stage V until it reaches zero af time. It 
should be noted, however, that for certain types of utility functions, a de- 
crease in capital stock (K^ < 0) may allow P^ to become positive in Stage V 
before it finally reaches zero. 

If the value of capital is reduced, the short-run utility attached to in- 
vestment is also reduced, motivating the individual to substitute income for 
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investment in the non-taxable stages. By definition, in Stage I all non- 
leisure time is devoted to investment, but as is shown in Figure 9 and confirvaed 
by (3.3)-(3.5) the stock of capital is reduced in Stages II and lil. In Stages 
IV and V, however, the tax rate increase also reduces the opportunity cost of 
investment in terms of foregone income. Thus, it is possible for to be 
positive or negative in these taxable stages, as can be seen from (3.6), (3. 11) 
and (3.7). If the reduction in short-run utility dominates the reduction in 
opportunity cost, an increase in the tax rate will decrease the capital stock; 
otherwise, an increase in a will increase K in the last two stages. 

If the short-run income effect dominates the substitution effect of a tax 
rate increase sufficiently early in Stage IV then P^{0} > 0, and the effect of 
a on the value and stock of capital is essentially opposite to the effect ^"when 

is negative as is shown in Figure 9. The increase in the value of capital 
motivates the individual to increase investment in nontaxable Stage II so as to 
maintain income in the taxable stages. As can be seen from (3.3)-(3.7), 
is positive at least in the second and third stages and also in the last two 
stages unless the reduction in short-run utility dominates the reduction in 
opportunity cost in the taxable stages. Therefore, if the income effect domin- 
ates, the individual substitutes investment for income in Stage II so as to 
spread out over all stages the reduction in income brought about by tax in- 
crease. 

As suggested above, an increase in the tax rate produces two distinct 
patterns of effects on net income over the life cycle, depending upon whether 
the short-run substitution or income effect is dominant. The^e two patterns 
are confirmed by totally differentiating Y with respect to a ft each point in 
the life cycle. Of course, Y - 0 in Stage I, assuming as we have that y"<E. 




Figure 9 

Effect of ai\ Increase in a on K and P 
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In Stage II (and IV), is calculated by setting (2.1) equal to zero and 
totally differentiating with respect to a, yielding 

(3.13) Y^ = yV(wU") Stage II, 

so that the sign of depends on the sign of P^. If the short-run subsitution 
effect dominates, then P^<0 and net income is increased in Stage II; otherwise, 
income is decreased in the nontaxable stage so that capical can be increased 
to maintain income in the latter stages. Again, In Stage III, Y^ = 0 since 
Y«G«E, but 

(3.14) Y = (YP, + a)U»)/(co(.1-a)U") Stage IV, 

so that if the income effect dominates and, hence, P^>0, then net income is 
unambiguously decreased in this taxable stage. However, if the substitution 
effect prevails (P^<0), then there is the possibility that Y^>0 in Stage IV. 
Finally, the effect of a on Y in Stage V is obtained by substituting (1.1) and 
(1.2) into (1.3) and totally differentiating the result with respect to a: 

(3.15) Y^ « (l-a)a)K^ - (G-E) Stage V. 

If K <0 then net income is unambiguously decreased by the tax increase, but if 

OL 

K >0, as we know it can be, then the effect of a on Y in this stage is indeter- 

CL 

oinate. While we cannot determine in which taxable stage net income is reduced, 
we do know that it must be reduced somewhere in these stages. 

Although the effect of a tax rate increase has been discussed thus far in 
terms of short-run income and substitution effects on the choice between income 
and investment, it may also ba characterized in terms of what may, Ly analogy, 
be called intertemporal substitution and income effects involving the choice 

Am 
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between income early or later in the life cycle. An increase in the tax rata 
both alters the marginal rate of Bubatittition between early (nontaxable) and 
late (taxable) income, and reduces the total life cycle income. As we have 
seen, when the short-run substitution effect dominates in. Stage IV (the taxable 
years), income in early years is substituted for later income, i.e. the inter- 
temporal substitution effect also is domi|iant. The intertemporal income effect, 
Vhich tends to reduce income throughout the entire life cycle, dominates only 
if the short-run income effect is sufficiently strong early in Stage IV. These 
two patterns of net income response are displayed in Table 1. 

The effect of a tax rate change in gross income (G) is, of cov se, identi- 
cal to the effects on Y in the first three nontaxable stages. However, from 
(1.3) we know 

(3.16) = (Yd + (G-E))/(l-a) Stages IV and V, 

80 that if Y >0, then G >0; otherwise the effect of a on gross income is in- 
determinate. Therefore, since taxes (T) are direct function of gross income, 
the effect of a on T is given by 

(3.17) T - aG + G-E Stages IV and V, 

so that if G >0, then T >0; otherwise, again, the sign of T^ is indeterminate. 

By now, the ef f ec" 3 of a tax rate increase on work effort (A) and human 
investment (I) should be evident. Of course, in Stages I and V there is no 
effect, but there will be an effect in the three remaining stages. Since I 
is a function in these stages of P, K and a: 

(3.18) A - m/W^ + m/m\ + iWa) stages II - IV, 

Ot d ^ 
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TABLE 1 







Effects of 


Increase in Tax 


Rate* 






StaRe I 


StaRe II 


Staee III 


StaRe U 


Stage V 




- + 


- + 


- + 


- + 


- + 


a a 
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- + 


- + 
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0 


+ - 
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? - 


? 




0 


+^ - 


0 




? 




0 


0 


0 




? 


\ 


0 


+ - 


+ - 




0 




0 


- + 


- + 




0 




- + 


- + 


? + 




0 



*First sign holds when Intertemporal substitution effect is dominant; second 
sign is for dominant intertemporal income effect. 
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From the comparative statics analysis (2.11) and (2.12) we remember that 
3«,/3P < 0 and 9JI/3K < 0. Therefore, In Stages II and III If the Intertemporal 
substitution effect dominates (P^^^, \< 0), work effort Is Increased by a tax 
rate increase so as both to shift Income from the taxable stages to Stage II 
and to maintain Y=E In Stage III; otherwise work effort Is reduced In both 
stages so as to distribute the reduction In Income over all periods. As Is 
not surprising by now, the effect of a on A Is Indeterminate In Stage IV since 
the signs of and are Indeterminate. Finally, the effect of a change In 
a on human Investment follows Immediately from the work effort behavior: 

(3.19) 1^ - -AjjjYK + (l-A)YK^ Stages II - IV. 

Since A and K move In opposite directions In Stages II and III, Investment 
unambiguously decreases If the Intertemporal substitution effect dominates and 
Increases If the Intertemporal Income effect prevails. 

Let us now conclude the analysis of the effects of a change In the tax 
rate, the results of which are summarized In Table 1, with a consideration of 
the effect of a on the time at which a stage Is terminated (s^). While a 
change In a does not change behavior In Stage I, It does affect the amount of 
time spent In that stage. This Is made apparent by differentiating (2.2) totally 
with respect to K, P, and a, and then substituting the results Into (3.10) to 
obtain 

(3.20) s = -P /(dP/dt) Stages I & II, 

where the same result for Stage II Is obtained by differentiating (2.3). Since 

dP/dt<0, s has the same sign as P . If the substitution effect dominates, 

the individual spends a shorter amount of time specializing In human Investment; 
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if the income effect prevails, he starts to work later. Since s^ is the same 
for Stage II, the effect of a tax rate increase on the time at which G=E then 
follows in like manner. Note, however, that we cannot tell the effect on the 
amount of time spent in the second stage; we can only tell the effect on the 
time spent in the first stage and the time spent in both stages. To detemine 
the effect of a on the time when the individual first pays taxes, we differ- 
entiate (2.4) to get 

(3.21) 8 - - (P^ + P/(l-a))/(dP/dt), Stage III. 

If the income effect dominates i^j>0), then the individual unambiguously starts 

to pay taxes later because he has been allocating his time to increasing his 

wage rate rather than his earnings. If the substitution effect prevails, 

however, s is indeterminate. Either by virtue of having devoted his time to 
a 

generating Income rather than capital he can start to pay taxes earlier, or 
by virtue of now having a lower wage rate he can pay taxes later. If the 
latter is true, then the individual arrives at the exemption level earlier 
but remains at this level for so long that the time before he pays taxes is 
actually increased. Finally, just as all else is indeterminate in Stage IV, 
so also is the time at which the individual leaves this stage. We only know 
that if the individual spends less time in the nontaxable stages, he must spend 
more time in the taxable stages and vice-versa. 
Exemption Level Effects 

Let us now turn our attention to the effects of an Increase in E. From 
the comparative dynamics analysis of the marginal tax rate we already know 
that PpoiN} in the denominator of (3.8) is positive. Therefore, to determine 
the effect of an increase in the exemption level on the initial value of 



capital, we need only determine Pg{N} with P'. held constant. Thus starting 
with the initial conditions Kj.{0} » Pg{0} « 0, it follows from (3. 3)- (3. 6) 
that K remains unchanged through Stage II, and P is unchanged through Stage IV. 
In Stage III, however, E, unlike a, does have an effect on K. Evaluating 
with 0=E in (3.5) we obtain from (2.16) 

(3.22) Fg- [-Y/'^] - [■] Stage III. 

Hence, must become negative in this stage, where income is substituted for 
Investment. In Stage IV it follows from (3.6) and (2.15) that 

(3.23) Fg. [(Y/<o)[a/(l-a)ij „ Stage IV, 

where there is only a pure short-run income effect • Hence can become posi- 
tive if the income effect is strong enough or if the individual spends a long 
enough time in Stage IV. Finally, from (3.7) we see that 

h' [-a(l-a).U"] ■ H 

SO th.' t P_.{n} will certainly be positive if is positive and can only be 
negative if Kg is very negative. 

Knowing again both the denominator and numerator in (3.8), we can now cal- 
culate the total effect of an increase in the exemption level. Since in the 
short run, an increase in E has both a quasi-substitution effect in Stage III 
aud a pure income effect in Stage IV, an individual's life cycle response must 
depend upon the balance of these two effects. If the pure income effect is 
strong enough, then P,,{0} < 0, i.e., an increase in the exemption level decreases 
the initial value of human capital (P^*). Since increases in E and a have 
opposite effects on the level of total life-cycle income, the effect of an 
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increase in E on K and P should be essentially opposite to the effect of an 
increase in a if the income effects are dominant in both cases. This is con- 
firmed by (3.3)-(3.7) and (3. 22)-(3. 24) and illustrated in Figure 10. is 
in general negative throughout the life cycle until it becomes zero at time N. 
The levered value of capital induces the individual to decrease investment in 
Stage II 80 as to increase income. In Stage III the reduction in P and increase 
in E work together to make investment less attractive, thereby inducing the in- 
dividual to reduce investment in favor of income. In fact, remains negative 
in the last two stages unless the tax saving brought about by an increase in 
E is large enough to overcome the reduced value of capital, so that the in- 
dividual is encouraged to invest more while still enjoying higher net income.. 

If the short-run quasi-substitution effect of an exemption increase in 
Stage III dominates the short-run income effect in Stage IV, then Pg{0} > 0. 
The value of capital remains higher throughout the life cycle, except possibly 
in Stage V. as car be seen again from (3.3)-(3.7) and (3.22)-(3.2A) . In Stage 
II. the higher value for capital causes investment to be increased thereby 
increasing K. In Stage III, however, the increased value of capital is offset 
by the increase in the amount of income that may be earned without paying tax; 
by the end of Stage III, must have become negative, as shown in Figure 10, 
and must remain negative through the remainder of the life cycle or P^ would 

not become zero at time N« 

As was the case with a tax rate increase, the effect of an increase in 
the exemption level can be described in terms of intertemporal substitution 
and income effects. An increase in the exemption level both increases total 
life-cycle income and alters the marginal rate of substitution between net 
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income in Stage III and net income in all other .tage.. since Stage III no« 
occurs at a groas income level that »aa taxed before the exemption level in- 
crease. I£ the short-run pure income effect in Stage IV dominates the short- 
gun Cuasi-suhstitution effect in Stage III. then the intertemporal income effect 
i. also dominant, the individual will choose to spread his gain in income over 
.11 stages of hi. life cycle. If the opposite case is true, then the inter- 
temporal substitution effect is dominant and the individual will substitute 
income in Stage III for income in other stages. Although the intertemporal 
income effect of E and a are essentially opposite, the intertemporal sub- 
atltution effects are not'since the patterns of the changes in marginal rates 
of substitution are different. 

The effect of E on after-tax Income (Y) Is again confirmed by setting 
(2.1) equal to .ero and totally differentiating with respect to E. Of course 
y «0 in Stage I, and 

» // n.t% Stage II, 

(3.25) \ - YPe'*'* ' 

so that again the sign of depends on the sign of P,. If the intertemporal 

income effect dominates, is negative and net income is increased. Other- 
vise income is decreased in this stage so that it can be increased in the next 
Stage where 

(3.26) = 1 Stage III, 

which is m contrast to the null effect of a on Y in this stage. Now in Stage 
IV, 

(3.27) Y.-^y^^/mi-am 
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80 that the sign of is the sane as in Stage II. Finally in the last stage, 
using the same procedure used to obtain (3.15), we get 

(3.28) Yg - (l-a)wKj. + a Stage V. 

If the intertemporal income effect dominates, is indeterminate so that Yg 
can be positive or negative. However, if the substitution phenomena dominates, 
then income is unambiguously decreased. 

Again the effect of an exemption level change on gross income (G) is 
Identical to the effects on Y in the first three stages. Similarly from (1.3) 
we obtain for the fourth stage 

(3.29) Gg - (Yg-a)/(l-a) Stage IV, 

so that if Y <0, then G-<0; otherwise G is indeterminate. Of course in Stage 
V the effect on G follows from the effect on K since 

(3.30) Gg - wKg Stage V. 
How the effect of E on taxes (T) is giv-n by 

(3.31) Tg-a(Gg-l) Stages IV and V, 

80 that if G <0, then T <0; otherwise : is indeterminate. 

To analyze the effects on worK. effort (£) and human investment (I) of an 
exemption level increase we use the same procedure that was employed to analyze 
the effects of a in (3.18). Since 

(3.32) £ = Ojl/9P)Pg+ (9Jl/aK)Kj,+ Oil/3E) Stages II-IV, 
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3)l/9P<0 and aJl/8K<0, we know that if the income effect dominates then work 
effort is unambiguously increased in Stages II and III so that income can be 
Increased. In Stage IV, however, the sign of £g is indeterminate since income 
could be increased instead by an increase in K and, hence, the wage rate. If 
the substitution phenomena dominates, then work effort is certainly lower in 
Stage II so that the wage rate can be higher at the beginning of Stage III, 
when I is also higher. By the end of this stage and throughout Stage IV, 
however, the effect on work effort is indeterminate since income can be reduced 
by a decrease in the wage. Finally, the effect of E on human investment follows 
from the analysis of work effort: 

(3.33) Ig - + (l"^)YKg Stages II-IV. 

Since I and K move in opposite directions in Stage II, investment unambiguously 
decreases (increases) if the intertemporal income (substitution) effect domin- 
ates. We can also be sure that Ig is negative in Stage III if the income 
effect dominates. All else, however, is indeterminate since and Kg do not 
necessarily have opposite signs. 

We conclude the analysis of the effects of E, which are summarized in 
Table 2, with an examination of the effect on the time at which a stage is 
terminated. Using the method to obtain (3.20) we now get 

(3.3A) Sg - -Pg/(dP/dt) Stage I, 

so that we know the individual spends less time specializing in human investment 
If the income effect dominates; otherwise, he spends more time. For the second 
stage, however. 
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(3.35) Sg - (-YPe+ wU")/lYWdt)] Stage II, 

so that if the substitution phenomeiia dominates, the individual spends more 
time in the first two stages; otherwise, the exit time is indeterminate. 
Similarly, for the third stage 

(3.36) Sg - (-Y^E + w(l-a)U")/[Y(dP/dt)l Stage XII 

so that what was true firr the previous stage is also true for this stage. 
In particular, if the substitution phenomena dominates, we see that the total 
time spent in the nontaxable stages is increased. Finally, just as in the 
case of a, it can also be demonstrated that the time at which the individual 
terminates Stage IV and, hence, ceases to carry out any investment at all is 
also indeterminate whether or not the substitution phenomena dominates. 

IV. CONCLUSIONS 

In this paper we have applied a model of individual human capital accumu- 
lation to the analysis of the effects of a progressive income tax with a 
given level of income exempted from tax and a constant marginal tax rate. 
In general, the individual passes through five distinct stages in his life 
cycle. In the first stage he devotes all his non-leisure time to investment 
in human capital and, hence, earns no income and pays no taxes. In the second 
stage he begins to allocate time to earning income as well as to accumulating 
human capital, but still pays no taxes because his income has not yet reached 
the exemption level. In the third stage he chooses his levels of work and 
investment so as to maintain his income exactly at the exemption level, which 
is the highest income he can enjoy without incurring a tax. In the fourth 
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Stage he continues to allocate time to producing both income and investment, 

but pays taxes since his income Is now above the exeiiq>tion level. Finally, 

in the fifth stage he devotes all of his non-leisure time to earning income 

but now, through dv^prcciation, his stock of human capital declines so that / * 

his income also declines • Indeed, he may cease paying taxes in this stage 

if his human capital declines to the point where even full-time work canno*" 

generate income above the exemption level • 

We have analyzed the effects of changes in the tax rate and exemption 
level first in the short-run, when the value and stock of human capital are 
given. The short-run response of the individual is perfectly analogous 
to that in the traditional income-leisure model. In the taxable stages a 
tax rate increase has both substitution and income, effects on the allocation 
of time between earning and investing so that the individual either substitutes 
investment for income if the short-run substitution effect dominates or chuoses 
to have both reduced by the tax increase if the income effect dominates. An 
exemption level increase in the taxable stages has a pure income effect, 
allowing the individual to increase both income and investment. In the third 
stage, however, it has a substitution effect, motivating those on the verge 
of paying the tax to substitute additional tax-free income for investment. • 

Using a technique developed by Oniki we have then analyzed the effects 
of changes in the tax parameters in the long run. These effects can also be * 
described in terms of substitution and income effects, but with the choice 
being between income in different stages of the life cycle rather than between 
Income and investment at a single point in time. An increase in the tax rate 
alters the marginal rate of substitution between income in the early, non- 
taxable stages and income in the later, taxable stages. It Iso reduces the 
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•total income an individual can enjoy over his entire life cycle. If the inter- 
temporal substitution effect dominates, then the individual substitutes in- 
come in the early stages for income later in the life cycle. If the inter- 
temporal income effect dcminatec, however, the individual spreads the life- 
cycle income reduction over all stages. Similarly, an increase in the ex- 
emption level has both an intertemporal income effect because it increases 
total income and an intertemporal substitution effect because it alters the 
marginal rate of substitution between income during the time spent at the 
exemption level and Income in all other stages. If the intertemporal income 
effect dominates, the increase in total income is spread over all stages; 
if the intertemporal substitution effect dominates, income just before the 
taxable stages is substituted for income in all other stages. 
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Symbols Used 

t script lower case 

(t) Greek omega 

Y Greek gamma ^ 

U Greek mu 

5 Greek delta 

H script upper case H 

y Greek upper case psi 

3 partial derivative 

Q Greek theta 
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LABOR SUPPLY AND THE SOCIAL SECURITY PAYROLL TAX 
by Duncan MacRae and Elizabeth Chase MacRae 



Abstract 

The traditional analysis of the effect of the payroll tax for 
social security on individual labor supply treats the tax as a 
reduction in the wage rate. This analysis ignores, however, the 
existence of a ceiling on the earnings subject to the payroll 
tax. This paper demonstrates that while for individuals with 
earnings below the ceiling the payroll tax may indeed be analyzed 
in terms of its effect on the wage rate, for individuals above 
the ceiling the tax must instead be analyzed in terms of its 
effect on unearned income. For individuals with earnings below 
the ceiling the tax acts to reduce their wage rate and, there- 
fore, reduces their work incentive (unless the income effect 
dominates). However, for individuals with earnings above the 
ceiling the tax acts solely to reduce their unearned income and, 
therefore, increases their work incentive (unless leisure is an 
inferior good). Thus, the introduction of an exemption into 
the tax would increase labor supply of individuals below the 
exemption level by increasing their effective wage rate, but 
would reduce labor supply of those above the exemption level 
by increasing their effective level of unearned income. 
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The traditional analysis of the effect of the payroll tax for social 

security on individual labor supply treats the tax as a reduction in the 

wage rate.^ This analysis ignores, however, the existence of a ceiling on 

the earnings subject to the payroll tax, which, in recent years, has exempted 

2 

twenty to thirty percent of covered earnings in the United States- The 
purpose of this note is to demonstrate that while for individuals with 
earnings below the ceiling the payroll tax may indeed by analyzed in terms 
of Its effect on the wage rate, for individuals above the ceiling the tax 
must instead be analyzed in terms of its effect on unearned income. This 
straightforward but as yet unanalyzed effect of a ceiling is particularly 
important when considering the effects on labor supply of reforms in the tax. 

We begin with a brief review of the income-leisure model of individual 
labor supply. The payroll tax is then incorporated into the model and the 
effects on labor supply are analyzed for individuals with earnings both he- 
low and above the ceiling. Finally we consider the effect of introducing 
personal exemptions into the tax, a reform which has been widely proposed. 

An individual is assumed to supply labor so as to maximize utility for 
income and leisure subject to a budget constraint which specifies the trade 
off between income and leisure given the wage rate and the level of unearned 
income. Figure 1 shows the boundary of the individual's constraint set as 
the broken line ABF when y" is the level of unearned income and the (negative) 
slope y of the line AB is the wage rate. For given levels of W and y", the 
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individual will supply a quantity of labor which corresponds to the point 
on the line AB which lies on the highest possible indifference curve. The 
individual's labor supply curve, which simply shows the wage-labor combina- 
tions for some given level of y". with no payroll tax. appears in Figure 2. 
Assuming that leisure is not an inferior good, a decrease in will increase 
the amount of labor supplied at any wage rate and thus shift the curve to 
the right, perhaps with a change in shape. 

Now let us introduce a payroll tax. As shown by line CDB in Figure 1. 
the tax corresponds to a percentage reduction in the wage rate of lOOt for 
earnings below the ceiling level of E and a constant reduction in income of 
tE for earnings above E with no reduction in the wage rate. The lowered 
slope of the budget line segment DB for earnings below E means that a given 
amount of labor will now be forthcoming only at a higher market wage rate, 
in Figure 2. this is shown as an upward shift in the labor supply curve in- 
the area below the WL = i hyperbola, which will decrease labor supply unless 
the income effect dominates. The downward shift in the budget line segment 
CD for earnings above ¥ amounts to a fixed reduction in unearned income in _ 
the amount of the tax paid. tE. Consequently, the labor supply curve in 
Figure 2 is shown shifted to the right in the area above the E hyperbola so 
that labor supply will definitely increase in this area unless leisure is 
an inferior good. 

Since the budget line after the imposition of the payroll tax is no 
longer convex, there is a "jump" in the labor supply curve in the neighborhood 
of i. That is. there is some wage rate at which the indivi^dual is indifferent 
between supplying enough labor to generate earnings above E and supplying 
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less labor to generate earninfis below E. Under the payroll tax, there is 
no combination of W and y" for which the individual will choose to earn 
exactly the ceiling amount E. since he can always increase utility by earning 
— 4 

norc or less than E. 

Finally, we consider the effect of introducing exemptions into the pay- 
roll tax, similar to those in the personal income tax. Let E be the level 
of earnings exempt from tax so that only earnings between E and E are subject 
to tax. The individual's budget constraint is now given by C'D'GBF in Figure 
1. In comparison with a tax which has no exemptions, the higher slope of 
the segment GB for earnings below E means that a given amount of labor will 
now be forthcoming at a lower wage rate. This is shown in Figure 3 as a 
downward shift in the "no exemptions" labor supply curve in the area below 
the WL = E hyperbola. This is. of course, exactly the supply that would be 
forthcoming if there were no payroll tax at all. Individuals in the inter- 
mediate earnings range between E and E do not have their wage rate changed 
by the introduction of exemptions into the tax. Instead, the effect of 
exemptions on labor supply in this range of earnings is equivalent to an in- 
come subsidy in the amount of the tax saved, tE, by the exemptions. Con- 
sequently, in the atea between the E and E hyperbolas, labor supply with 
exemptions is shifted to the left of supply without exemptions. Since the 
budget constraint has a convex kink at earnings level E, an individual will 
choose to supply labor so as to earn exactly E for a range of wage rates. 
Thus, as the wage level increases above the level at which he first earns 
ajnount E, the individual decreases his work effort, following along the E 
hyperbola until the wage level is s..f ficiently high to induce him to move 
into the area between 1 and E. This "jog" in labor supply is the result of 



a discontinuous Increase in the tax rate. Note that there is still a jump 
in labor supply near the ceiling* The maxiinum tax paid is reduced, however, 
by the introduction of exemptions to t(E - E) so that labor supply is shifted 
to the left in comparison to the supply forthcoming without exemptions. 

The conclusion to be drawn from the foregoing analysis is that while 
for individuals with earnings below the ceiling the payroll acts to reduce 
their wage rate and, therefore, reduces their work incentive (unless the in- 
come effect dominates), for individuals with earnings above the ceiling the 
tax acts solely to reduce their unearned income and, therefore, increases 
their work incentive (unless leisure is an inferior good). Thus, the intro- 
duction of an exemption into the tax would increase labor supply of individuals 
below the exemption level by increasing their effective wage rate, but would 
reduce labor supply of those above the exemption level by increasing their 
effective level of unearned income. 
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FOO'rNOTES 



*Part of this research was supported by funds from the Office of 
Research and Development, Manpower Administration, U.S. Department of Labor 
under Grant No. 21-11-74-09 to the Urban Institute. 

Opinions expressed are those of the authors and do not necessarily 
represent the views of the Department of Labor, The Urban Institute or its 
sponsors. 

1. See, for example, Brittain (1971), Brittain (1972b) and Feldstein. 

2. See Table 7-2 in Brittain (1972a). 

3. See Chapter V in Brittain (1972a) for a discussion of proposals 
for personal exemptions and deductions in the social security payroll tax. 

4. See Kesselman (1971) for a discussion of the similar jump in labor 
supply that would result from a negative income tax. 

5. The typical piecewise-linear progressive income tax restilts in 
analogous jogs in labor supply. 
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